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ABSTRACT

A finite element model of the SOFIA primary mirror was developed to simulate
structural deformation under static loading for various elevation angles.

Further processing of the deflection data produced optical performance results.

Evaluation of the results revealed that the mirror's hydraulic support system

reduced optical performance, contrary to Phase B findings. However, further
examination showed that optical quality can be greatly improved by
modification of the support system. Optimization of the hydraulic support system

using an in-house developed code was recommended. The outcome of the
optimization would then determine whether an active support system is

necessary.
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1. INTRODUCTION

The Stratosphere Observatory For Infrared Astronomy (SOFIA) has a flexible
meniscus primary mirror mounted on a system of hydraulic actuators. Optical

performance is affected by structural deflection of the primary mirror due to
gravity, flight dynamics, vibration, turbulence, and thermal expansion. This
report addresses the effects of gravity. A computer model based on the finite
element method is developed to simulate static deflection under various
elevation angles. The model also assesses the optical aberration resulting from
the deflection.

2. FINITE ELEMENT MODEL

2.1 GEOMETRY AND MATERIAL

The finite element (FE) model of the SOFIA primary mirror is based on the
following parameters taken from SOFIA Phase B: Telescope Assembly
Definition, sections 4.2.1.0.1-4 and 4.2.1.2-8:

Outer diameter
Inner diameter
Thickness
Radius of curvature

Young's modulus
Poisson's ratio

Mass density

2690.0 mm
340.0 mm

60.0 mm
6220.0 mm

90250.0 N/mm 2
0.24

2.52E-6 kg/mm 3

Radius of curvature is based on the formula r = 2f, where r is the radius of
curvature and f is the focal length. The actual mirror is parabolic. However, the

FE model assumes a spherical surface.

Young's modulus, Poisson's ratio, and mass density are based on the material
ZERODUR.

2.2 ELEMENT FORMATION

Figure 2.2-1 shows the CAD representation of the Primary Mirror. The mirror
shape is formed by patches which are later subdivided into elements. These
patches are positioned so that when an automated meshing routine is
executed, the locations of the element nodes coincide with that of the

prescribed support points.

Figure 2.2-2 shows the meshing and the placement of the support points. This
basic FE model has 296 six-sided HEX solid elements,16 five-sided WEDG
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solid elements, and 672 nodes. There are 64 support points as per the Phase B
definition. Of these, 8 support points are at 349.7 mm, 12 are at 624.4 mm, 20
are at 907.2, and 24 are at 1215.2 mm from the mirror center.

The 672 nodes constitute 2016 degrees of freedom. Each node has 3 degrees
of freedom --- x, y, and z translational displacements. The nodes of a solid
element do not have rotational degrees of freedom; the x, y, and z rotational
displacements are constrained. Rotation of the solid element is defined by a
collective, charted translation of its nodes.

2.3 COORDINATE SYSTEM

The FE model is fixed on a local 3-axis Cartesian coordinate system; the

coordinate system moves with the mirror. The z-axis is parallel to the line of
sight (LOS), positive towards image source. The x-axis and y-axis are in the
mirror plane. The origin is located such that the mirror's center of curvature has

the coordinates (0, 0, 5300) mm.

Elevation is the angular displacement about the x-axis. Cross-elevation is the
angular displacement about the y-axis. LOS angle is the angular displacement
about the z-axis.

2.4 BOUNDARY CONDITIONS

The boundary conditions of the FE model is based on the hydraulic support
system defined in the Phase B concept. No other boundary conditions are
included.

2.4.1 Support Configuration

In the Phase B concept, the primary mirror is mounted on a system of 64
hydraulic support units that have both axial and lateral degrees of freedom.
Referring to Figure 2.4.1-1, each unit has an axial support actuator, a lateral
support actuator, and two lateral moment compensation actuators. All actuators
are of the same type and dimensions. The lateral support actuators and lateral
moment compensation actuators are members of the lateral support system,
and the axial support actuator is a member of the axial support system. The
axial support system is independent of the lateral support system, and both
systems are further divided into subsystems. All of the actuators within a
subsystem are hydraulically connected; they are activated by a common fluid
reservoir. The hydrostatic compensation system is connected to all actuators
and corrects hydrostatic pressure differences due to elevation level. The
actuators within a subsystem therefore exert equal forces. The active force
correction device compensates for fabrication errors and other effects. It is not
included in the FE model.



FIGURE 2.4.1-1
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Figure 2.4.1-2 shows the axial support groups. There are 3 subsystems, each
consisting of 21 or 22 elements within a 120 ° segment. Each element has a

single support actuator.

Figure 2.4.1-3 shows the lateral support configuration. The support elements

are tilted by +30 °. There are 2 subsystems, each consisting of 32 elements

having the same tilt direction. Each element has one support actuator and two
moment compensation actuators, as shown in Figure 2.4.1-1.

A more detailed description of the support system is given in SOFIA Phase B:
Telescope Assembly Definition, sections 4.2.1.2.3 and 4.2.1.2.4.

2.4.2 Formulation

In the FE model, multipoint constraint (MPC) is used to impose a linear
relationship between the degrees of freedom representing the movement of the
hydraulic actuators. The MPC equation have the following format:

Riui = 0 (2.4.2-1)

i=1

where ui is the displacement, Ri is the coefficient of constraint, and n is number
of degrees of freedom in the constraint.

For the support system, the displacements of the individual actuators vary, but
the net displacement of the actuators within a subsystem is zero since the total
volume of the hydraulic fluid is constant. Equation 2.4.2-1 can be applied to
each hydraulic subsystem where ui is the displacement of the actuator, n is the
number of actuators in the subsystem, and Ri is a quantity representing the ratio

of fluid volume displacement to actuator displacement.

Since a condition defined by the support system is that the actuators within a

hydraulic subsystem exert equal forces, force is a more readily known
parameter than displacement. Therefore a constraint equation relating the
forces of the actuators is desirable. The constraint force relation is based on the

principle that because the fluid volume of a subsystem is constant, the net
displacement of the actuators is zero. Therefore the total work done is also
zero"

n

W = 1/2 _ Fiui = 0 (2.4.2-2)
i=1

where W is the total work done by the actuators in a subsystem, and Fi is the
actuator force. In order for Equations 2.4.2-1 and 2.4.2-2 to be true, the quantity
1/2 Fi must be proportional to Ri. Therefore, Equation 2.4.2-1 can be used as a

constraint equation where Ri is proportional to actuator force.



FIGURE 2.4.1-2
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FIGURE2.4.1-3
AXIAL SUPPORTGROUPS



2.4.3 Implementation

A computer program SUPSYS is developed to process support system

parameters into the format of Equation 2.4.2-1, which can be readily input into
the FE analysis code NASTRAN. SUPSYS reads a NASTRAN input file and
generates a modified file containing MPC commands and the necessary FE
model alterations reflecting support system parameters. The new file is then

processed by NASTRAN.

SUPSYS provides for parameter variations. The number of subsystems, the
number and nodal locations of the support units, the dimensions and tilt angles

of the support units, and the forces of the individual actuators are variable. This
may be useful in future analysis involving support system optimization.

The program's source code, executive input file for the primary mirror, and an
explanation of the input commands are included in the Appendix section 6.1.
Also included, in section 6.2, is the NASTRAN input file that has been

processed by SUPSYS.

2.4.3.1 Model Alterations

Figure 2.4.3.1-1 shows the model alterations performed by SUPSYS for one of
the 64 support units. Nodes b, c, d, e, f, g, and h are added to form a new
element representing the support unit's dimensions. Nodes b, c, d, and e
become edge nodes of the existing elements which are shown hubbed at node
a. Node a is located along the axial center of the support unit. The distance

g-h corresponds to LB in Figure 2.4.1-1, and the distance a-f corresponds to LA

minus half the mirror thickness. The angle (z is the tilt angle as shown in Figure

2.4.1-3. Nodes f, g, and h are in the same X-Y plane.

The axial support force FA is applied at node a and is independent of the new
element. The lateral support force FL is applied at node f. The lateral moment

compensation forces Fc1 and Fc2 are applied at nodes g and h, respectively.

The new element formed by nodes b, c, d, e, f, g, and h is a rigid body element
(RBE). Since the elasticity of the support unit is not known, infinite rigidity is
assumed. This is a safe assumption, because deflection of the support unit,
which is small, has very little effect on the actuator forces FL, FCl, and Fc2 and
their transmittance onto the mirror itself.

Since the size of the support unit is unknown, the dimensions of the rigid body

element are assigned somewhat arbitrary values. For lateral moment
compensation, it is necessary that the distance g-h is equal to the distance a-f
plus half the mirror thickness. The moment created by the lateral support force
FL must be canceled by the counter moment created by the compensation
forces Fcl and Fc2:

FL (da-f + t/2) = FCl dg.f + FC2 df-h (2.4.3.1-1)
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where t is the mirror thickness, and da-f, dg.f, and df-h are the distances a-f, g-f,
and f-h, respectively. Since point f is midway between points g and h, dg.f and
df-h are both equal to half the distance g-h. Equation 2.4.3.1-1 is then modified"

FL (da-f + tJ2) = (Fc1 + FC2) dg.h/2 (2.4.3.1-2)

where dg-h iS the distance g-h. Knowing that the actuators within a hydraulic
subsystem exert equal forces, FL, Fc1, and Fc2 are set equal to one another.
Equation 2.4.3.1-2 is in turn modified:

da-f + t/2 = dg-h (2.4.3.1-3)

Therefore, the values of da-f and dg-h can be arbitrarily set as long as Equation
2.4.3.1-3 holds. With the thickness t being 60 mm, da-f and dg-h are set to 170
mm and 200 mm, respectively.

A total of 460 nodes are added to the Primary Mirror model by SUPSYS. The
final FE model has 1,132 nodes and 3,396 degrees of freedom.

2.4.3.2 Multipoint Constraint Application

Ideally the MPC equation for a lateral support subsystem would have the

following form"

n

(fLUL + fClUCl + fc2uc2)i = 0 (2.4.3.2-1)

i=1

where fL, fc1, and fc2 are proportional to the actuator forces FL, FCl, and Fc2,

respectively, UL is the displacement of the support actuator, UCl and uc2 are the
displacements of the moment compensation actuators, and n is the number of
support units employed by the subsystem. However, since UL is not directed
parallel to any of the axes of the FE model's coordinate system, it will be
reduced into X and Y components. This is necessary because NASTRAN more

readily processes degrees of freedom that are parallel to the axes of an
established coordinate system. Equation 2.4.3-1 is then modified:

n

[fL(COSO0ULy- fL(sino_)ULX + fClUCl + fc2Uc2]i = 0
i=1

(2.4.3.2-2)

where o_ is the tilt angle, and ULy and ULX are the Y and X components of UL,

respectively.

The MPC equation for the axial support subsystem is simpler:

_-, (fAUA)i = 0
i=1

(2.4.3.2-3)



where fA is proportional to the axial force FA,UAis the displacement of the
support actuator, and n is the number of support units employed by the
subsystem.

Substituting the Phase B specified values for the parameters, Equation 2.4.3.2-
2 becomes the following"

32,

[(COSOOULY- (sin_)ULX + UCl + Uc2]i = 0
i=1

(2.4.3.2-4)

where o_is 30 ° for one lateral subsystem and -30 ° for the other. The force

parameters fL, fc1, and fc2 are factored out, because in the Phase B concept all
actuators exert equal forces. Similarly, Equation 2.4.3-3 becomes the following:

(UA)i = 0 (2.4.3.2-5)
i=1

where n is 22 for one axial subsystem and 21 for the other two. Again the force

parameter fA is factored out.

3. ANALYSIS

3.1 OBJECTIVE

The objective of the analysis is to determine the static deflection of the Primary
Mirror under 1-g loading at various elevation angles. Deflection data is further
processed to assess the mirror's wave front deviation and radial energy
distribution.

3.2 LOAD CONDITIONS

3.2.1 Assumptions

1. Only gravitational loading is considered. Dynamic and other effects
are not considered in this analysis.

2. The hydraulic support system form all the boundary conditions. No other
effects contribute to the boundary conditions in this analysis.

3. Spherical mirror surface is assumed.



3.2.2 Load Cases

Different load cases are determined by the variation of elevation angle. Cross-
elevation and LOS angle are held constant at 0°. (The x-axis of the mirror is
parallel to the roll axis of the aircraft in all load cases). Five load cases are
analyzed:

Case 1: The mirror is supported at a vertical position (0 ° elevation) under

normal gravity (1 g).

Case 2: The mirror is supported at 20 ° elevation under 1 g.

Case 3: The mirror is supported at 40 ° elevation under 1 g.

Case 4: The mirror is supported at 60 ° elevation under 1 g.

Case 5: The mirror is supported at a horizontal position (90 ° elevation) under

lg.

In the FE model, the mirror does not change orientation, but different gravity
vectors are applied in order to simulate the effects of varying elevations. A

gravity vector consist of a linear combination of a -1 g load along the z-axis
(parallel to LOS) and a second -1 g load along the y-axis (parallel to mirror
plane and perpendicular to roll axis). For example, let:

-g k = gravitational load along z-axis
-g j = gravitational load along y-axis

To produce the effect of gravitational load at 20 ° elevation (Case 2), a gravity
vector g2.o is applied where:

g2o = -(SIN 20 °) g k- (COS 20 °) g j

Similarly, other elevations are produced:

go =- (SIN 0°) g k- (COS 0°) g j=- g j

gAo =- (SIN 40 ° ) g k- (COS 40 °) g i

g6o =- (SIN 60 °) g k- (COS 60 °) g i
ggo =- (SIN 90 °) g k- (COS 90 °) g j =- g k

(Case 1,0 ° elevation)

(Case 3, 40 ° elevation)

(Case 4, 60 ° elevation)

(Case 5, 90 ° elevation)

The gravity vectors for Case 3 are illustrated in Figure 3.2.2-1.
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3.3 STRUCTURAL ANALYSIS RESULTS

The deflection data is summarized as follows:

Load case Elevation Deflection ranae

Case 1 0°
Case 2 20 °

Case 3 40 °

Case 4 60 °

Case 5 90 °

-0.922E-4 to 0.126E-3 mm

-0.151E-3 to 0.967E-4 mm

-0.210E-3 to 0.143E-3 mm

-0.276E-3 to 0.172E-3 mm
-0.312E-3 to 0.192E-3 mm

Deflections are in the degree of freedom parallel to the optical line of sight

(LOS), positive towards image source.

Figures 3.3-1 through 3.3-5 show the contour plots for load cases 1 through 5.
Figures 3.3-6 through 3.3-10 show the corresponding deformed shape.
Deformation is shown exaggerated for clarity.

A hard copy of the NASTRAN output file is included in the Appendix section 6.3.

3.4 STRUCTURAL-OPTICAL INTEGRATION

The deflection data produced in the structural analysis are not the final results.
The finite element analysis (FEA) output is further processed by the FRINGE
optical analysis program which in turn generates the radial energy distribution
of the Primary Mirror.

Interface programs are developed in order to effectively pass data between FEA
and optical analysis codes. Figure 3.4-1 shows a flow schematic of data as they
are processed by PATRAN, SUPSYS, NASTRAN, FRINGE, and interface
programs. The programs, their supplier, and their functions are listed below:



Program Supolier Function

CONVFTP MSC Changes the format of the
NASTRAN output

FRINGE University of Arizona Optical analysis

MM2CM in-house Converts spatial dimensions
from millimeters to centimeters.

NAS2FR in-house Produces FRINGE input files
containing the geometry and
deflection of the mirror reflective
su rface.

NASTRAN MSC Finite element analysis

PATNAS PDA Engineering Writes FE geometry and
material properties into a
format readable by NASTRAN

PATRAN PDA Engineering Generates FE geometry and
applies material properties

SUPSYS in-house Applies boundary conditions

SURFNODE in-house Selects nodes representing
mirror reflective surface

The interface program MM2CM is necessary, because the FE model is in
millimeters and the application FRINGE only processes centimeters.

NASTRAN run on the Cray Y-MP. All other programs run on the MicroVAX
3500.

The source codes of SURFNODE, NAS2FR, AND MM2CM are included in the

Appendix sections 6.4 through 6.6.
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FIGURE 3.4-1
DATA FLOW
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Referring again to Figure 3.4-1, the following is a list of the data files and their
contents:

Fil_n_me Format (_0ntents

PATRAN.OUT binary FE geometry and material
properties

PM.BDF ASCII FE geometry, material
properties, and load conditions

PM.C11 binary FEA results (reformatted)

PM.F11 binary FEA results

PM.NOD ASCII Nodes representing mirror
reflective surface

PM.PAT binary PATRAN database

PM.SDF ASCII FE geometry, material
properties, load conditions,
and boundary conditions

PM06.DAT ASCII Optical analysis results

PM21 .DAT binary Deflection in millimeters

PM28.DAT binary Reflective surface geometry
in millimeters

PMT21 .DAT binary Deflection in centimeters

PMT28.DAT binary Reflective surface geometry
in centimeters

All data files reside on the MICROVAX 3500.



3.5 OPTICAL ANALYSIS RESULTS

Deflection data are processed by the FRINGE code to assess wave front
deviation, radial energy distribution, and other optical characteristics of the
Primary Mirror for the five load cases. Analysis is performed under the following
conditions:

Wavelength
Aperture diameter
Central obscuration diameter
Radius of curvature

.633 microns
2500 mm

467.5 mm
6220 mm

36 polynomial terms are included in the Zernike fit. However, the tilt and focus
coefficients are set to zero in order to remove aberrations due to these effects.

The FRINGE executive input and output files are included in the Appendix
section 6.7. For an explanation of the input parameters, please refer to the
FRINGE manual.

3.5.1 Wave Front Deviation

The wave front deviations are tabulated in units of RMS nanometers:

0° elevation 20° elevation 40° elevation 60° elevation 90° elevation

Raw 187 292 456 588 667
Plane 164 270 440 577 662
Sphere 164 147 133 130 148
4th order 73.4 48 64.6 101 143
6th order 62 30 56 98.7 143
8th order 25 23 27 35 43
complete 17 18 21 24 27

3.5.2 Radial Energy Distribution

Radial energy distribution is calculated separately by geometric analysis and
diffraction analysis. In both cases, the radial center of the total encircled energy
is located at the ideal image point.

3.5.2.1 Geometric Analysis

The plots of geometric radial energy distribution for the five load cases are
shown in Figures 3.5.2.1-1 through 3.5.2.1-5. A summary of the data, in units of
arc seconds diameter, are tabulated as follows:

% energy 0° elevation 20° elevation 40° elevation 60° elevation 90 ° elevation

50.00 0.2275 0.2101 0.1955 0.2012 0.2291
80.00 0.3344 0.2869 0.2729 0.3023 0.3664

100.00 0.4690 0.6741 0.9362 1.1343 1.1258
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3.5.2.2 Diffraction Analysis

The plots of diffraction radial energy distribution for the five load cases are
shown in Figures 3.5.2.2-1 through 3.5.2.2-5. A summary of the data, in units of
arc seconds diameter, are tabulated as follows:

% energy 0 ° elevation 20 ° elevation 40 ° elevation 60 ° elevation 90 ° elevation

50.00 0.2127 0.2010 0.1861 0.1906 0.2247
80.00 0.3654 0.3269 0.3190 0.3364 0.3927

100.00 1.4708 1.4707 1.4732 1.4739 1.4629

4. EVALUATION

The effectiveness of the hydraulic support system is evaluated by comparing the
above optical results with the results of a hard-mounted mirror model. The
hard-mounted mirror model is analyzed using the same loading conditions, but

the boundary conditions differ. Unlike the hydraulically supported mirror, all
three translational degrees of freedom are constrained at the 64 support points.

Although various information are presented as results, comparisons will be
based on image diameter, which is the arc second diameter of a circle
enclosing 80% of the radial energy. Also, diffraction analysis results will take

precedence over geometric results.

4.1 OPTICAL ANALYSIS RESULTS, HARD-MOUNTED MIRROR

4.1.1 Wave Front Deviation, Hard-mounted Mirror

The wave front deviations for the hard-mounted model are tabulated in units of

RMS nanometers:

0° elevation 20 ° elevation 40 ° elevation 60 ° elevation 90 ° elevation

Raw 41 43 49 54 58
Plane 32 35 45 53 58

Sphere 32 35 44 52 57
4th order 20 25 35 44 49
6th order 15 22 32 42 47
8th order 1 2 17 26 33 37

complete 9.5 13 19 24 27
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4.1.2 Radial Energy Distribution, Hard-mounted Mirror

4.1.2.1 Geometric Analysis, Hard-mounted Mirror

The geometric radial energy distribution for the hard-mounted model are
tabulated in units of arc seconds diameter:

% enerav 0 ° elevation 20 ° elevation 40 ° elevation 60 ° elevation 90 ° elevation

50.00 0.0319 0.0561 0.0853 0.1 064 0.1 244
80.00 0.0602 0.0938 0.1 678 0.2140 0.2473

100.00 0.2900 0.5031 0.6625 0.7332 0.7000

4.1.2.2 Diffraction Analysis, Hard-mounted Mirror

The diffraction radial energy distribution for the hard-mounted model are
tabulated in units of arc seconds diameter:

% enerav Q° elevation 20 ° elevation 40 ° elevation 60 ° elevation 90 ° elevation

50.00 0.0635 0.0639 0.0650 0.0662 0.0675
80.00 0.1648 0.1689 0.1795 0.1926 0.2003

100.00 1.4675 1.4680 1.4694 1.4713 1.4718

4.1.3 Observation, Hard-mounted Mirror

As shown above, the diffraction and geometric image diameters of a hard-
mounted mirror are less than those of a hydraulically supported mirror. This
contradicts Phase B developments since the hydraulic support system was
designed to minimize optical aberrations. An intuitive explanation would be that
since the actuators within a hydraulic subsystem exert equal forces on the

mirror, they lack the variable reaction forces needed to oppose localized
sagging.

The subsequent task would be to identify any constituent of the support system
that causes the greatest aberrations. Optimization of the hydraulic support
system is beyond the scope of this report. Nonetheless, whether the lateral or
axial support systems contribute more greatly to the aberrations should be
determined.

Two additional mirror models are analyzed. One has axial degrees of freedom

supported hydraulically and lateral degrees of freedom held rigid at the 64
support points. The other has lateral degrees of freedom supported
hydraulically with lateral moment compensators included and axial degrees of
freedom held rigid at the support points. These "semi-hard-mounted" mirror
models are analyzed under the same loading conditions as before. Their
results are shown in the following sections.



4.2 OPTICAL ANALYSIS RESULTS, SEMI-HARD-MOUNTED MIRRORS

4..2.1 Wave Front Deviation, Semi-hard-mounted Mirrors

The wave front deviations for the axially hydraulic, laterally rigid support model
are tabulated in RMS nanometers:

0° elevation 20° elevation 40° elevation 60° elevation 90° elevation

Raw 943 900 756 536 227
Plane 784 746 628 451 225
Sphere 782 738 607 407 110
4th order 105 116 122 120 104
6th order 76.0 95.6 110 115 103
8th order 49 49 46 42 39
complete 33 32 30 28 27

The wave front deviations for the laterally hydraulic, axially rigid support model
are tabulated in RMS nanometers:

0° elevation _ 40 ° elevation 60° elevation 90 ° elevation

Raw 16 25 39 51 58
Plane 13 23 39 51 58
Sphere 13 23 38 50 57
4th order 12 20 34 44 51
6th order 11 20 32 42 49
8th order 11 16 26 34 39
complete 10 14 20 25 28

4.2.2 Radial Energy Distribution, Semi-hard-mounted Mirrors

4.2.2.1 Geometric Analysis, Semi-hard-mounted Mirrors

The geometric radial energy distribution data for the axially hydraulic, laterally
rigid support model are tabulated in arc seconds diameter:

% energy 0°elevation _ 40°elev_ion 60°elev_ion 90°elevati°n

50.00 0.8911 0.8557 0.7145 0.4964 0.1670
80.00 1.2977 1.1805 0.9676 0.6554 0.3488

100.00 2.2510 2.7381 2.4369 1.7848 0.7295

The geometric radial energy distribution data for the laterally hydraulic, axially
rigid support model are tabulated in arc seconds diameter:

% enerav 0° elevation _ 40° elevation _ 90° elevation

50.00 0.0116 0.0424 0.0792 0.1104 0.1283
80.00 0.0165 0.0913 0.1658 0.2228 0.2561

100.00 0.0572 0.3099 0.5215 0.6631 0.7633



4.2.2.2 Diffraction Analysis, Semi-hard-mounted Mirrors

The diffraction radial energy distribution data for the axially hydraulic, laterally
rigid support model are tabulated in arc seconds diameter:

% enerav 0 ° elevation 40 ° elevation 60 ° elevation 90 ° elevation

50.00 0.8181 0.7919 0.6677 0.4586 0.1352
80.00 1.0832 1.0509 0.9432 0.6925 0.2764

100.00 1.4690 1.4663 1.4679 1.4714 1.4820

The diffraction radial energy distribution data for the laterally hydraulic, axially

rigid support model are tabulated in arc seconds diameter:

% energy 0° elevation 20 ° elevation 40 ° elevation 60° elevation

50.00 0.0631 0.0635 0.0648 0.0663 0.0680
80.00 0.1609 0.1653 0.1772 0.1932 0.2022

100.00 1.4669 1.4674 1.4694 1.4708 1.4723

4.2.3 Observations, Semi-hard-mounted Mirrors

The laterally hydraulic, axially rigid support model has the smallest overall
image diameter. Whereas the axially hydraulic, laterally rigid support model
has the greatest overall image diameter. This indicates that the mirror has the
least optical aberration when the lateral hydraulic support system, including
moment compensators, are activated while the axial support actuators are
"locked." Therefore, the axial hydraulic support system is identified as the

greatest contributor to optical aberrations.

The overall improvement of optical quality for the laterally hydraulic, axially rigid

support model over the hard-mounted model can be attributed to the designed
nature of the lateral supports and moment compensators. However, for
elevation angle of 60 ° and higher, the hard-mounted mirror still has the lowest
image diameter for both geometric and diffraction analysis. This indicates that
the lateral hydraulic support system do contribute to optical aberrations at high

elevation angles.

5. CONCLUSION

Evaluation of optical analysis results singles out the axial hydraulic support
system as the chief contributor to the optical aberrations caused by the support
system itself. Modification of the axial support system is necessary if a
hydraulically supported mirror is to out-perform a hard-mounted one. It is



recommended that hydraulic systems consisting of non-uniform actuators be
explored. For example, larger actuators (with higher force to fluid pressure
ratios) can be placed where mirror sagging tends to occur. This can be
simulated by manipulating the input parameters of the SUPSYS code
described in section 2.4.3. Ultimately, an optimized axial hydraulic support
system with different sized actuators located strategically can greatly reduce
optical aberrations while maintaining the passive nature of the support system.

Further evaluation shows that although the lateral hydraulic support system
lowers the overall image diameter, it does not work well at high elevation
angles. Like the axial support system, the lateral system can also be optimized
using the SUPSYS code. For the lateral system, tilt angles and moment arm
dimensions (see Figure 2.4.3.1-1) can be also be varied in addition to actuator
size by manipulating SUPSYS inputs.

Additional minimization of optical aberrations can be achieved by introducing
active forces into the support system. Whether or not this is necessary depends
on the outcome of the recommended optimization of the passive system.



6. APPENDIX

6.1 SUPSYS

6.1.1 Executive Input

TITLE

INFILE IMA.NASTRAN]PM.BDF

OUTFILE IMA.NASTRAN]PM.SDF

EDGENODE .500000

PRIMARY MIRROR LATERAL AND AXIAL SUPPORTS

LENGTHA 200.000

LENGTHB 200.000

APEN 30.0000

LATGROUP 1

TILT 30.0000

LATNODE 27 1.00000 1.00000 1.00000 1.00000

LATNODE 48 1.00000 1.00000 1.00000 1.00000

LATNODE 88 1.00000 1.00000 1.00000 1.00000

LATNODE 92 1.00000 1.00000 1.00000 1.00000

LATNODE 94 1.00000 1.00000 1.00000 1.00000

LATNODE 141 1.00000 1.00000 1.00000 1.00000

LATNODE 163 1.00000 1.00000 1.00000 1.00000

LATNODE 212 1.00000 1.00000 1.00000 1.00000

LATNODE 226 1.00000 1.00000 1.00000 1.00000

LATNODE 230 1.00000 1.00000 1.00000 1.00000

LATNODE 262 1.00000 1.00000 1.00000 1.00000

LATNODE 266 1.00000 1.00000 1.00000 1.00000

LATNODE 272 1.00000 1.00000 1.00000 1.00000

LATNODE 311 1.00000 1.00000 1.00000 1.00000

LATNODE 315 1.00000 1.00000 1.00000 1.00000

LATNODE 335 1.00000 1.00000 1.00000 1.00000

LATNODE 377 1.00000 1.00000 1.00000 1.00000

LATNODE 393 1.00000 1.00000 1.00000 1.00000

LATNODE 395 1.00000 1.00000 1.00000 1.00000

LATNODE 429 1.00000 1.00000 1.00000 1.00000

LATNODE 433 1.00000 1.00000 1.00000 1.00000

LATNODE 437 1.00000 1.00000 1.00000 1.00000

LATNODE 478 1.00000 1.00000 1.00000 1.00000

LATNODE 499 1.00000 1.00000 1.00000 1.00000

LATNODE 542 1.00000 1.00000 1.00000 1.00000

LATNODE 557 1.00000 1.00000 1.00000 1.00000

LATNODE 587 1.00000 1.00000 1.00000 1.00000

LATNODE 591 1.00000 1.00000 1.00000 1.00000

LATNODE 595 1.00000 1.00000 1.00000 1.00000

LATNODE 628 1.00000 1.00000 1.00000 1.00000

LATNODE 632 1.00000 1.00000 1.00000 1.00000

LATNODE 651 1.00000 1.00000 1.00000 1.00000

LATGROUP 2

TILT -30.0000

LATNODE 29 1.00000 1.00000 1.00000 1.00000

LATNODE 46 1.00000 1.00000 1.00000 1.00000

LATNODE 50 1.00000 1.00000 1.00000 1.00000

LATNODE 86 1.00000 1.00000 1.00000 1.00000

LATNODE 90 1.00000 1.00000 1.00000 1.00000

LATNODE 96 1.00000 1.00000 1.00000 1.00000

LATNODE 139 1.00000 1.00000 1.00000 1.00000

LATNODE 143 1.00000 1.00000 1.00000 1.00000

LATNODE 165 1.00000 1.00000 1.00000 1.00000

LATNOD£ 210 1.00000 1.00000 1.00000 1.00000

LATNODE 228 1.00000 1.00000 1.00000 1.00000

LATNODE 264 1.00000 1.00000 1.00000 1.00000

LATNODE 268 1.00000 1.00000 1.00000 1.00000

LATNODE 270 1.00000 1.00000 1.00000 1.00000

LATNODE 313 1.00000 1.00000 1.00000 1.00000

LATNODE 333 1.00000 1.00000 1.00000 1.00000

LATNODE 379 1.00000 1.00000 1.00000 1.00000

LATNODE 397 1.00000 1.00000 1.00000 1.00000

LATNODE 431 1.00000 1.00000 1.00000 1.00000

LATNODE 435 1.00000 1.00000 1.00000 1.00000

LATNODE 439 1.00000 1.00000 1.00000 1.00000

LATNODE 476 1.00000 1.00000 1.00000 1.00000

LATNODE 480 1.00000 1.00000 1.00000 1.00000

LATNODE 501 1.00000 1.00000 1.00000 1.00000

LATNODE 540 1.00000 1.00000 1.00000 1.00000

LATNODE 553 1.00000 1.00000 1.00000 1.00000

LATNODE 555 1.00000 1.00000 1.00000 1.00000

LATNODE 585 1.00000 1.00000 1.00000 1.00000

LATNODE 589 1.00000 1.00000 1.00000 1.00000

LATNODE 593 1.00000 1.00000 1.00000 1.00000

LATNODE 630 1.00000 1.00000 1.00000 1.00000

LATNODE 649 1.00000 1.00000 1.00000 1.00000



AXGROUP1
AXNODE 271.00000AXNODE 291.00000
AXNODE 2121.00000
AXNODE 2101.00000
AXNODE 481.00000AXNODE 501.00000
A×NODE 2301.00000
AXNODE 2281.00000AXNODE 1431.00000
AXNODE 1631.00000AXNODE 1651.00000
AXNODE 335!.00000AXNODE3331.00000
AXNOD£ 3151.00000
AXNOD£ 901.00000AXNODE 921.00000
AXNOD£ 941.00000AXNODE 961.00000
AXNODE 2721.00000
AXNODE 2701,00000AXNODE 2681.00000
AXNODE 2661.00000
AXGROUP2AXNODE 3791.00000
AX.NOD£3771.00000AXNODE 3971.00000
AXNODE 3951.00000
AXNODE 3931.00000
AXNODE 46 1.00000

AXNODE 501 1.00000

AXNODE 499 1.00000

A×NODE 480 1.00000

AXNODE 478 1.00000

AMNODE 476 1.00000

AXNODE 139 1.00000

AXNODE 14! 1.00000

AXNODE 439 1.00000

AXNODE 437 1.00000

AXNODE 435 1.00000

AXNODE 433 1.00000

AXNODE 431 1.00000

AXNODE 429 1.00000

AXNODE 86 1.00000

AXNODE 88 1.00000

AXGROUP 3

AXNODE 540 1.00000

AXNODE 542 1.00000

AXNODE 226 1.00000

AXNODE 553 1.00000

A/NODE 555 1.00000

AXNODE 557 1.00000

AXNODE 313 1.00000

AXNODE 311 1.00000

AXNODE 628 1.00000

AXNODE 630 1.00000

AXNODE 632 !.00000

AXNODE 649 1.00000

AXNODE 651 1.00000

AXNODE 264 1.00000

AXNODE 262 1.00000

AXNODE 585 1.00000

AXNODE 587 1.00000

AXNODE 589 1.00000

AXNODE 591 1.00000

AXNODE 593 1.00000

AXNODE 595 1.00000

6.1.2 Input Commands Definitions

Each line of the input file is divided into 9 fields, each field consists of
8 columns. The input commands are placed in field 1 (columns 1
through 8). Single arguments for the commands are entered in field
2, unless otherwise indicated. Multiple arguments are entered in their
designated fields. The commands' definitions are as follows:

title: The name of the input is entered in fields 2 through 9. This
appears on the output.



infile: The name of the NASTRAN input file to be modified is entered
in fields 2 through 9.

outfile: The name of the output file are entered in fields 2 through 9.
The output file is readable by NASTRAN and contains commands
reflecting hydraulic support system parameters.

edgenode: Designates the location of edge nodes to be planted on
the existing elements adjacent to the support point. A value of 0.
means the edge node coincides with the support point, and a value of
1. means the edge node is on the other end of the element edge.
Since NASTRAN recommends that edge points be located within the
middle third of the edge, the value should be between .333333 and
.666666.

lengtha: The dimension "A" of the support mechanism (see Figure
2.4.1-1).

lengthb: The dimension "B" of the support mechanism (see Figure
2.4.1-1).

apen: The depth of penetration of lengtha into the mirror. This is
usually half the mirror thickness.

latgroup: The label number of a lateral support subsystem.

flit:. The tilt angle, in degrees, counter-clockwise positive, of the
lateral support units. The value is assigned to the lateral support
subsystem declared by the most previous latgroup command.

latnode: The NASTRAN node number of a support point is entered in
field 2. The tilt scale factor for this support point is entered in field 3.
The lengtha and lengthbscale factors for this support point are
entered in fields 4 and 5, respectively. The actuator force scale factor
for this support point is entered in field 6. These values are assigned
to the lateral support subsystem declared by the most previous
latgroup command. The forces of the support actuators within a
subsystem are proportional to their corresponding force scale factors.
Moment compensator actuator forces are equal to the support
actuator force in the same support unit. However, moment
compensation can be adjusted by varying the moment arms lengtha
and lengthb.

axgroup: The label number of an axial support subsystem.



axnode: The NASTRAN node number of a support point is entered in
field 2. The actuator force scale factor for this support point are
entered in field 3. These values are assigned to the axial support
subsystem declared by the most previous axgroup command. The
forces of the actuators within a subsystem are proportional to their
corresponding force scale factors.

6.1.3 Source Code

PRC_RAM SUPSYS

C SUPSYS 4$UPport SYStem) slmula_es the hydrauilc support system of the

C SOFIA przmary mlrror. SUPSYS reads support system paratneters and a

C NASTBAN znput file and generates a new NASTRAN Input file contaLnlng

C the proper boundary condltlon con_andN. Rlgzd body elen_mnt_ (RBEI)

C and multlpoln_ cons_ralnts (MPC) are produced. The necessary

C modlfloatlons to element connectivity are made. Thls program

C presently can process CHEXA and CPENTA ele_nt cards only. The

C maxlmum nu_er of elements connectlng a support point is 9.

I_%PLICIT INTEGER {A-Z)

RF_ TILT,FTILT. £DGE, LGTHA, FLGTNA, i_THB.FLGTHB,FLCOMP,XIFBASE,

&X2FBASE,X3FB_E,A_EN, FCO_

CHARACTER F2*8,F20"72, TITLENA_*64

DIMENSION LBNODE(100,50),LBSYSI50),NNODE(50),TILT(50),

&FTILT(100,5D),LBFBASE(6,100,50).LBELEM(6.100.50),NFBASE([O0,50),

&LBN£WNOD£(9,!OO,50),NNEWNCDE(IOO,50).FLGTHA(IO0,50),

&FLGTHB (!00, 50),FLCOM_(100. 50), XIFB_E(6), X2FBASE{6), X3FBASE {6).

&LBANOCE(IG0.50), LSASYS{50),NANODE(50),FCOMP(100,50)

DATA DNEWNODS, DFBAS£, DNODE. DSYS, DANODE. DASYS/9,6, i00, 50, 100,50/

WRITE(6.*) 'Enter the batch data file name.'

WRITE(6,*) 'Default: S[/PSYS.IN'

READ(5,'(A72)') F2O

IF(INDEX(F20,' ').LE.I) F20='SUPSYS.IN*

OPEN {UNIT=20. FILE-F20,STATUS-'OLD',E_'9010)

CALL BAOAIN(LBNODE, LBSYS. NNODE, NSYS, DNODE,DSYS.TILT.FTILT,

&EDGE, LGTHA, Fi_THA, LGTHB. FLGTHB, FI_OMP.APEN, LBANODE. LBASYS,

&NA_ODE,NASYS. DANODE.DASYS, FCOMP,TITLENAJ_£)

C_LL OLDNODE(LBOLDNODE)

CP_LL OLDELEM(LBOLDELEM)

CALL FB_E(LBNODE, NNODE, NSYS, DNODE. DSYS. LBFB_E. LBELKM,

_NFBASE.DFBASE)

C_L REWRITE(LBEL£M, NEBASE. NNODE, NSYS, DFB_E, DNODE, DSYS)

WRITE{30,'IA65)') '$ALL CARDS BELOW A_E ADDED BY THE PROGP_M

&SUPSYS. ORIGINAL CAADS'

WRITEIDO, '(A48)') 'SCORRESPONDING TO M_DIFIED ELEMENTS ARE

&DELETED.'

WRITE(30,'(AI)') '$'

WRIT£(30,'(_0)') '$SUPSYS INPUT TITLE:'

WRITE(30,'(A65)') "$'//TITLENA_

CALL NEWNODE(LBOLDNODE. LBNEWNODE, NNEWNODE,DNENNODE, LBFBASE,

&NFBASE.DEBASE, LBNODE, NNODE, DNODE. NSYS, DSYS,TILT*FTILT. EDGE.

&XIFBASE, X2FBASE, XDFBASE, LGTNA,F[_DTHA, LGTNB,Ei_THB,A_EN)

CALL RIBOEL(LBOLDELF_M, LBNEWNODE, NNEWNODE, DNEWNODE,

&NNODE, DNODE.NSYS,DSYS)

CALL ELCOMO(LBNEWNODE.NNEWNOOE, DNEW_ODE,LBEB_-SE,NFB_E,

&DFBASE.LBELSM, LBNODE, NNODE,DNODE, NSYS,DSYS)

CA_L MPCLAT(TILT,FTILT, FLCO_.LBNEWNODE,NNEWNODE, DNEWNODE,

&NNODE, DNODE, LBSYS, NSYS, DSYS, ISID, ICONTI

CALL MPCAXIAL(FCOMP,LBA_ODE, N_ODE.DANOOE,LBA_YS, NASYS,DA_YS.

&ISID, ICONT)

CALL MPCADD(NSYS,NASYS)

C

C Echo for evaluation

C F2='LASU.CHK'

C OPEN(UNIT=2,FILE=F2,STATUS-'NEW',FO_'FOF_4ATTED')

C WRITE(2,*) "# of sys_ns =', NSYS

C WRITE(2**) '# of nodes, sys I =',NNODE(1)

C WRITE(2, _) '# of nodes, sys 2 ='. NNODE(2)

C WRITE(2,") 'LBOLDNODE =*, LBOLDNODE

C WRITE(2,*) "LBOLDELEM =',LBOLDELEM

C WRITE(2,') 'EDGENOOE ='.EDGE

C WRITE(2,*) 'LENGTHA =',LGTHA

C WRITE(2,') 'LENGTHB =',LGTHB

C WRITE(2.') 'APENETRATION =',_EN

C DO I=I.NSYS

C WRITE(2.') 'SYSTEM #',I

C WRITE(2,'I 'SYSTEM L_EL ='.LBSYS(1)

C WRITE(2,') 'TILT ='.TILT(I)

C DO J=I,NNODE(I)

C WRITE(2. '(IX.21§,DIIX,GN.3), I_. I8)') J,LBNODE(J,I). FTILT(J,[),

C & FLGTHA (J. I) , FLGTHB ( J, I) . NFBASE (J, I)

C WRITE(2. "l (LBFBA_E (K, J, I) , K-I. NFBJ%SE (J, I ) )

C WRITE(2, *) (LBELEM(K,J,I),K=I,NFBASE(J,I))

C END DO

C END DO

WRITE(30,'(A;)') 'ENDOATA'

CLOSE (2)

CLOSE If01

CLOSE (20)

CLOSE (30)

GOTO 9999

9010 WRITE(6,'}'ERROR: input file name F20. ', F20(I:INDEX(F20.' ')-l)

9999 STOP

END

C

C

SUBROUTINE BADAIN(LBNODE, LBSYS, NNODE, NSYS,DNODE, DSYS,TILT,FTILT,



&EDGE,LGTHA.FLGTHA, LGTHB, FLGTHB, FLCOMP,APEN,LBANODE, LBASYS, NANODE,

&NA_YS, DANODE, DASYS. FCOF_ _ , TITLENA_)

C BADAIN {BAtch DAca lNpu_) reads data from the _npu_ fzle which

C contalns lateral support tilt angle, support poln_ node humblers, and

C t[l_ dlrectlon.

IMPLICIT INTEGER (A-Z)

REAL TILT,FTILT. RVALI.EDGE, LGTHA, LGTHB,FLGTHA. ELGTHB, FLCOM_,APEN,

&FCCMP

CHARACTER-80 RECORDI, INTUI,FI0, E3O

CHARACTER TITLEN_4E'64

DIMENSION LBNODE(DNODE, DSYS),LBSYS(DSYS],NNODE(DSYS),TILT(DSYS).

&FTILT(DNODE.DSYS),FLC;THA(DNODE, DSYS],FLGTHB(DNODE,DSYS),

_FLCDMP(DNODE, DSYSI,LBANODEIDANODE, DASYS),LBASYS(DI_SYS),

&NANODE(DASYS),FCOHP(DANODE.DASYS)

DO I=I.DSY5

NNODE(I)=O

END DO

NSYS=0

REWIND [20)

i0 RE_%O (20,' (AS0) ', END=9000) RECORD1

IF[RECORDI(I:I).EQ.'$'} GOTO IO

C

IF(RECORDI(I:5).EQ.'TITLE'} THEN

TITLENAME=RECORDI(9:72)

GOTO I0

ENDIF

C

IF(RECORDI(I:6).EQ.'INFILE') THEN

FI0=RECORDI(9:72)

OPEN(UNIT=IO,FILE=EI0.STATUS='OLD _ , ERR=9010)

GOTO I0

ENDIF

C

IFIRECORDI(I:7).EQ.'OUTFILE') THEN

F30=RECORDI(9:72)

OPEN(UNIT=30, FILE=F30.STATUS='NEW'.FOP-M='FORMATTED', ERR=9020}

GOTO I0

ENDIF

C

IF(RECORDI{I:8).EQ.'EDGENODE') THEN

WRITE(INTUI,') RECORD1(9:16)

READ(INTO1.') EDGE

GOTO 10

ENDIF

C

IF(RECORDI[I:7).EQ.'LENGTHA') THEN

WRITE[ZNTUI.*) RFXTORDI(9:I6)

READ(INTUI,*) LGTHA

GOTO iO

ENDIF

C

IF(RECORDI(I:?).EQ.'LENGTHB'I THEN

WRITE(INTU_,"I _ECORDI{9:161

READ(INTUI,'I LGTHB

GOTO ID

ENDIF

C

IF{RECORDI[I:4).EQ.';tPEN') THEN

WRITE(INTUI,") RECORDI(9:I6)

READ(INTUI,*) APEN

GOTC i0

5NOIF

C

IF(RECORD1 If:8).EQ.'LATGROL_') THEN

NSYS=NSYS+I

WRITE(IN_I,*) RECORDI(9:I6)

RE3%D(INTUI,') LBSYS(NSYS)

GOTO I0

ENDIF

C

IF{RECORDI(I:4).FX).'TILT') THEN

WRITE(INTUI, m } RECORD1|9:16}

RF, AD(INTUI.*) TILT (NSYS)

GOTO I0

ENDIE

C

IF(RECORDI{I:7).EQ,'LATNODE') THEN

NNO DE {NSYS)=NNODE(NSY$)+I

WRITE (INTUI, *) RECORDI(9:I6)

READ{ INTUI. *) LBNODE |NNODE (NSYS) .NSYS)

WRITE {INTUI, *) R_CORDI (17:24)

READ { INTUI. ") FTI LT [NNODE (NSYS) , NSYS)

WRITE [INTUI.*) RECORDI(25:32)

READ(INTUI.') FLGTHA(NNODE(NSYS).NSYS)

WRITE(INTUI.*) RECORD1(33:40)

READ ( IN'_JI. ") FI_THB (NWODE {NSYS] . NSYS)

WRITE (INTXJI. * ) RECORD1 (41:48)

READ( INTUI. "I FLCO_ (NNODE [NSYS ) , NS YS)

GOTO I0

ENDIF

C

IF(RECORDI(I:7),_.'_GROUP') THEN

NASYS-NASY$_I

WRITE {INZ"JI, *) RECORDI(9:16)

READ(INTUI, _ ) LB_YS(NASYS)

GOTO i0

£NDIF

C

IF{RECORD1(1:6) ,EQ.'AJ(NODE') THEN

NANODE(NASYS)=NANODE(NASYE)+I

WRITE(INTUI,') RECORDI(9:16)

READIINTUI.') LBANODE{NANODE(NA_YS),NASY5)

WRITE(INTUI.*) RECORD1(17:24)

RF_%D(INTUI. ") FCOMP(NANODE(N_YS),NASYS)

GOTO I0

ENDIF

GOTO 10



9QO0 CONTINUE

WRITE(30,'(A65)') '$'//TITLENAME

GOTO 9999

9010 WRITE(6.')'ERROR: input flle name FI0, ',Yl0

9020 WRITE(6,_)'ERROR: Input file name F30, '.Y30

9999 RETURN

END

C

SUBROUTINE OLDNODE(LBOLDNODE)

C Thzs routlne determlnes the lak._l numk_er of the flrst n_e to M

C added to an exls_Ing element. The purpose la to prevent repeating of

C an exls_Ing node nu_Dc_r.

IMPLICIT INTEGER (A-Z)

CHA_ACTER'SO RECORD1, INTUI

REWIND (i0)

HIGHVAL=0

i0 READ(10.'IA80}'.END=20) RECORDI

IF(RECORDI(I:41.EQ.'GRID') THEN

WRITE(INTUI,') RECORDI(9:IT)

READ(INTUI.*) IVA_

[F(IV_.L,GT.HIGHVALI THEN

HIGHVA_=IV_.L

ENDIF

ENDIF

GOTO 10

20 LBOLDNODE=HIGHVAL

9000 GOTO 9999

9999 RETURN

END

C

SUBROUTINE OLDELF_M(LBOLDELF24)

C Thls routlne detemines the label number of the flrst node to be

C added to an ew_sting element. The purpose is to prevent repeatlng of

C am exlst_ng node nu_:ber.

IM2LICIT INTEGER qA-Z)

CH_d_ACTER*80 RECORD1, INTUI

REWIND (i0)

HIGHVAL=0

I0 R_D(10,'{AS0)'. END=20) RECORDI

IF(RECORDI{I:5).EQ.'CHEXA'.OR.RECORDI(I:6}.EQ.'CPENTA') THEN

WRITE(INTUI.') RECORDI[9:I6)

READ(INTUI.') IV_.L

IF(IV_tL.GT.HIGHVALI THEN

HIGHVA_=IV_.L

ENDIF

ENDIF

GOTO I0

20 LBOLDELE24=HIGHVAL

9000 GO'gO 9999

9999 RETURN

END

C

SUBROUTINE FBASE(LBNODE, NNODE,NSYS,DNODE. DSYS, LBFBASE, LBELEM.

&NFBASE,DFBASE)

C FBASE (F=rst BASEl searches for elen_ents attached to the support

C nodes and searches for the node at the "first base" location relative

C to the aupport node. The support nc4es must _ located at corner of

C the attache._ elements.

C

C Thls subroutlne supports CHEXA and CPENTA NASTRAN el_nents only.

C More element types can be added.

C

i F_LICIT INTEGER (A-Z)

CHPd_ACTER'80 F20,RECORDI,RECORD2,1NTUI

CH_ACTER CONT'?

DIMENSION LBNODE(DNODE, DSY5), NNODE(DSYS).

&LBFBASE(D[B_E, DNODE, DSYS),LBELF24(DFBASE, DNODE. DSYS).

&NFBASE(DNODE, DSYS)

DO 990 I=[,NSYS

DO 980 J=I.NNODE{I)

REWIND (10)

NFBASE(J,I)=0

iO P.EAD{10.'{AB0)',END-970) P.ECORDI

C CHEXA elements:

!FIRECORDI(I:51.EQ.'CHEXA') THEN

WRITE(INTUI,'(A§0)'} _tECORDI

READ(INTUI,'(8X, IB,$X,618.1X,AT)') EID,GI,G2,G3.G4,GS,G$,CONT

C COUNT1 zs ntumber of records r_ad in searching for continuation card.

COUNTI-0

C COUNT2 is nu_r of end-of-files reachz, d during search.

COUNT2-0

20 READ_IO, ' (A$0) ' , END_30) RECORD2

COUNTI_COUNTI+I

IF(RECORD2iI:S).EQ.'+'//CONT) THEN

WRITE ( INTUI, ' (AS0) ' ) RECORD2

RE_DiINTUI. ' (8X,21§) ') GT,G$

IF(COUNTI.GT.I) THEN

C Set polnter back to the last CNEXA card.

REWIND (i0)

25 RKAD(10,'(A$0)'} RECORD2

IF{RECORD2.EQ.BECORDI) C_TO 40

GOTO 25

ENDIF

GOTO 40

ENDIF

27 GOTO 20

30 COUNT2=COUNT2+I

IF(COUNT2.GT.I) THEN

WRITE{6,') 'ERROR: mlsszng NASTRAN CHEXA con_nuatlon card.'

STOP

ENDIF

REWIND {1O}

GOTO 27

C If support node _s a CHEXAGI GRID, "first base" _s _he G2 GRID:

40 [F{LBNODE(J,I}.EQ.GI) THEN

NFBASE(J.I)=NFBASEIJ, I)÷I

•_" _Ot_.'QUALITY



LBUBASE(NFBASE($, I),J,I)=G2

LHELEM(NFBASE(J.I),J,I)=EID

GOTO IO

ENDIF

C If support node ls a CHEXA G2 GRID, "flrst base" is the G3 GRID:

IF {LBNODE(J, I).EQ .G2) THEN

NFBA_E{J,I)=NFBASE(J, II+I

LBFBASEINFBASE(J,I),J,I)=G3

LBELEMINFBA_E(J,I),J,I)=EID

GOTO 10

ENDIF

C If support node is a CHEM, A G3 GRID, "flrst base" Is the G4 GRID:

IF(LHNODE(J,I).EQ.G3) THEN

NFBA_E(J,I)=NFBASE(J,I)÷I

LBFBASE(NFBAHE(J,I),J.I)=G4

LBELEM(NFBASE(J,I),J,I)=EID

COTO iO

ENDIF

C If support node _s a CHEXA G4 GRID, "first base" in the Gl GRID:

IF(LBNODE(J,I).EQ.G4) THEN

NFBASE(J,I)=NFBASE(J,I)+I

LBFBASE(NFBASE(J,I),J,I}=GI

LBELEM(NFBAEE(J,I),J,I)=EID

GOTO I0

ENDIF

C If support node is a CHEKA G5 GRID, "f_rs= base" is the G8 GRID:

IFILBNODE(J.I).EQ.G5) THEN

NFBASE(J,I)=NFBA_E{J,I)+I

LBFBASE(NFBASE(J,I),J,I)=G8

LBELEM(NFBASE(J,I),J,I)=EID

GOTO iO

ENDIF

C If support node zs a CHEXA G6 GRID, "first base" zs _he G5 GRID:

IF(LBNODE(J,:).EQ,G61 THEN

NFBASE(J,I)=NFBASE(J,I)÷I

LBFHASE_NFBASE{J,I),J,i)=G5

LBELEM(NFBASE(J,I),J,I)=E!D

GOTO I0

ENDIF

C If support node is a CHEXA G7 GRID, "flrst base" is the G6 GRID:

IF(LBNODE[J,I).EQ.G7) THEN

NFBASE{J,I)=NFBA_E(J,IJ÷I

LBFBASE(NFBASE(J,I).J,I)=G6

LBELEM(NFBA_E(J,I),J.I)=EID

GOTO I0

ENDIF

C If support node is a CHEXA G8 GRID, "first base" i5 the G7 GRID:

IFILBNODE(J.I).EQ.GH) THEN

NFBA_EIJ, I)=NFBASE (J. I)+l

LHFBASE(NFBASE(J,I),J, II=G7

LBELEM(NFBASE(J,I),J,I)=EID

GOTO 10

ENDIF

ENDIF

C

C CPENTA ele,_nEs:

IF(RECORDI(I:6).EQ_'CPENTA') THEN

WRITE(INTUI.' (AS0)') RECORDI

READ(INTUI.'(8X, IH,SX,618}') EID,GI,G2,G3,G4,G5.G6

C If support node is a CPENTA GI GRID, "first base" is the G2 GRID:

IF(LBNODEIJ, I).EQ.GI) THEN

NFBA_E(J,I)=NFBASE(J,I}+I

LBFBASE{NFHASE(J,I),J,I)=G2

LBELEM{NFBASE(J.I),J,I)=EID

GOTO i0

ENDIF

C If supporL node Is a CPENTA G2 GRID, "flrst base" _s the G3 GRID:

IF(LBNODE(J.I)_EQ.G2) THEN

NFBA_E(J,I)=NFBASE{J,I)+I

LBFBASE(NFBASE(J,I),J,I)=G3

LBELEM(NFBA_E[J,I),J,I)=EID

GOTO i0

ENDIF

C If support node I_ a CPENTA G3 GRID, "flrst base" is the G1 GRID:

IF(LBNODE(J,I).EQ.G3) THEN

NFBASE(J,I)=NFBASE(J.I)+I

LBFBASE(NFBASE(J,I),J,I)=GI

LBELEM{NFBASE(J,I),J.I)=EID

GOTO i0

ENDIF

C If suppor_ node _s a CPENTA G4 GRID, "first base" is the G6 GRID:

IF{LBNODE(J,I).F_.G4) THEN

NFBASE{J, I)=NFB_E(J, I)+l

LBFBASE[NFBASE(J,I),J.I)=G6

LBELEM(NFBASE(J,I),J,I)=EID

GOTO I0

ENDIF

C If support node is a CPENTA G5 GRID, "first base" is the G4 GRID:

IF(LBNODE(J,I).KQ.GE) THEN

NFBASE(J.I]-NFBA_E[J,I)+I

LBF_SE(NFBASE(J,I),J,I)=G4

LBELEM(NFB_E(J,I),J,I)=EID

GOTO i0

ENDIF

C If support noae is a CPENTA G6 GRID, "first base" is the G5 GRID:

IF(LBNODE(J,I).EQ.G6) THEN

N_BA_E{J,I)=NFBA_E(J,I}÷I

LBFBASE{NFBASE(J,I),J.I)=G5

LBELEM[NFBASE(J,I),J,I)=EID

C_TO I0

ENDIF

ENDIV

GOTO i0

9_0 CONTINUE

980 CONTINUE

990 CONTINUE



9999RETURNENDC SUBROUTINEREWRITE(LBELEM,NFBASE,NNODE,NSYS,DEBASE,DNODE,DSY$)CELCOM_D(ELemQntCOnnectlvlty Mf)dlflca_zon) add_ the newnodes to the

C elements connected to the support point.

IMPLICIT INTEGER {A-Z)

CHARACTER CONT*7

cF_ARACTER'80 RECORD1, RECORD2,INTUI

DIMENSION NNODE(DSYS), NFBASE(DNODE, DSYS}, LBELEM{DFBASE,DNODE. DSYS)

REWIND (i0)

REWIND (30)

i0 READ(10,'(A80)'. END-9000) RECORD1

IF(RECORDI(I:31.EQ.'END'I GOTO 9000

C

IFIRECORDI(I:I).EQ,'+') THEN

CONT=RECORDI{2:8)

IVAL2=0

REWIND (I0)

20 READ(10, '(A801'. END_30) RECORD2

IF{RECORD2(74:e01.EQ.CONT) THEN

IF(RECORD2{I:5).EQ.'CHEXA'.OR.RECORD2{I:6).EQ.'CPENTA') THEN

WRITE{INTUI,*) RECORD2(9:16)

READ(INTUI, ") IVALI

DO I=I,NSYS

DO J=I.NNODE(I}

DO K= I. NFBASE (J, l}

IF (LBELEM (K, J, I) . EQ . IVALI) THEN

IVAL2-1

GOTO 30

ENDIF

ENDDO

ENDDO

_NDEX_

ENDIF

ENDIF

GOTO 20

C Set pointer back

30 REWIND (i0)

40 HEAD(10.*(A80}') RECORD2

IF (RECORD2.EQ.RECORDI) THEN

IF(IVAL2.EQ.I) GOTO I0

GOTO 90

ENDIF

COTO 40

END[F

C

IF(RECORDIiI:5}.EQ.'CHEMA'.OR.RECORDI(I:6),EQ.'CPENTA') THEN

WRITE(INTUI,*} RECOHDI(9:I6)

READ(INTUI.') [VALI

DO I=I,NSYS

DO J=I,NNODE(1)

DO K=I.NTBASE(J,[)

IF(LBELEM(K,J, II.EQ.IVALII GOTO i0

ENDDO

ENDDO

ENDDO

ENDIF

90 WRITE(30.'(A80)') RECORD1

GOTO I0

9000 GOTO 9999

9999 RETURN

END

C

SUBROUTINE NEWNODE(LBOLDNODE, LBNEWNODE. NNEWNODE, DNEWNODE,

&LBFBA_E,NFBA_E,DTHASE.LBNODE, NNODE, DNODE, NSYS, DSYS, TILT, FTILT,

&EDGE,XIFB_E,X2FB_E, X3FBASE. LGTHA. FLGTHA. LGTHH, FLGTHB,A2EN)

C NEWHODE generates the nodes forming the rigid ele_nts which

C represent the support units.

IMPLICIT INTEGER [A-Z)

REAL T ILT. FTILT, Xl, X2, X3, MINODE, X2NODE, M3NODE, XIFHt_SE. X2 FBASE,

&X3FBAS£. XINEW. X2NEW, X3NEW, EDGE, LGTHA, FLGTHA, _THB. FLGTN6, A_EN

CH_ACTER'80 RECORDI,INTUI

DI_NSION LBNODE(DNODE. DSYS).NNODE(DSYS),TILT[DSYS},

&FTILT(DNOOE, DSYS),LBFBAEE(DFBASE. DNODE, DSYS),

&NFBASE(ONODE. DSYS).LBNEWNODE{DNEWNODE,DNODE. DSYS),

&NNEWNODE[DNODE.DSYS), XIFBASE{DFB_E),_2FBA_E(DFBASE),

&X3FBA_E(DFBA_E),ELGTHA(DNODE, DSYS_,FLGTHB(DNODE, DSYS)

IV;LLI-LBOLDNODE

DO 490 I=I.NSYS

DO 480 J-I,NNODE(I)

FILLI-0

FILL2"0

REWIND (IO)

C Determine _he coordznates of the support and "flrst base" nodes:

i0 R_AD(10, '(AB0)', END-9010I _CORDI

IF(_t_CORDI(I:4I.EQ.'GRIO') THEN

WRITE(IHTUI,'(A$0)'} RECORD1

READ[INTUI,'(SX, IB.SX,3FS.3)'I ID,XI.X2,X3

IF(ID,EQ.LSHODE(J.I]I THEN

FILL1-1

XINODE-XI

X2NODE=X2

X3NODE_X3

_OTO 10

ENDIT

DO K=I,NFBASEIJ, I)

IFIID.EQ.LBFBASE(R.J,I)) THEN

FILL2=FILL2+I

XIFBASE(K)=XI

X2FBASE(K)-X2

X3FBASE(K)=X3

GOTO 30

ENOIF

END DO

30 IF (FILLI,EQ.I.AND.FILL2.EQ.NFBASE(J.I)) GOTO 470

GOTO i0

470 CONTINUE



CGenerate:he newnodes:

COUNT=0

C Base nodes

IVALI=IVALI+I

LBNEWNODE(I,J, I) =IVALI

XINEN=XINODE

X2NEW-X2NODE-(FLGTHA(J.I)'LGTHA-APEN)

X3NEW_X3NODE

COUNT=COUNT+I

WRITE(3D,300) LBNEWNODE(I,J,I),XINEW.X2NEW, X3NEW

IVALI=IVALI+I

LBNEWNODEI2,J,I)=IVALI

XINEW=XINODE-(.5"FL_3THB(J, I)'LGTHB*SIND(FTILT(J, I)*TILT([))I

X3NE_=X3NO_E (.5"FLGTHB(J,I)*LGTHB*COSD(FTILT(J,I)*TILT(1)))

COUNT=COUNT+I

WRITE{30,330) LBNEWHODE(2,J.I),XINEW,X2NEW. X3NEW

:VALI=IVAL[*_

LBNEWNODE(3,J,I)=IVALI

XINEW=×INODE+(.5"FLGTHB(J,I)*LGTHB°S:ND(FTILT(J,I)'TILT{I)))

X3NEW=X3NODE+I.5"VLGTHB(J,I)*LGTHB'CO$D(FTILT{J,I)'TILT{I)))

COUNT=COUNT'1

WRITEI3C,300) LBNEWNODE(3,J,;),XINEW,X2NEW,X3NEW

C E_ge nodes

DO K=I,NFBASE(J.I)

IV_I=IVALI÷I

LBNEWNODEIK+3,J.I)=IVA-LI

XINEW=EDGE "(XIFBASEIK)-XINODE)+XINODE

X2NEW=EDGE*(X2FBASEIK)-X2NODE)+X2NODE

X3NEW=EDGE*(X3FBASE(K)-X3NODE)÷X3NODE

COUNT=COUNT+I

_ITE(30,300) LBNEWNODE(K+3.J,I),XINEW, X2NEW, X3_W

300 FORMAT{'GRID ',IS,SX,3FS.2)

END DO

NNEWNODEqJ,[)=COUNT

GOTO 480

ENDIF

GOTO i0

480 CONTINUE

490 CONTINUE

9000 GOTO 9999

9010 WRITE(6, *) 'ERROR: nc4e', LBNODE(J,I),'not found.'

9999 RETURN

END

C

SUBROUTINE ELCOMO (LBNEWNODE, NNEWNODE,DNEWNODE. LBFBASE, NFB_E.

&DEBASE,LBELEM. LBNODE, NNODE.DNODE, NSYS,DSYS)

C ELCOMO IELement COnnectlvlty MOdmfication} adds the newnodes to the

C elements connected to the support polnt.

IMPLICIT INTEGER (A-Z}

CHARACTER CONT*_

CHARACTER'80 RECORDI.RECORD2, INTUI

DIMENSION LBNODE(DNODE,DSYS),NNODE(DS¥S),

&LBFBASE(DFBASE. DNODE. DSYS).NFBASE(DNODE,DSYS),

&LBNEWNODE(DNEWNODE, DNODE, DSYS).NNE_ODE(DNODE, DSYS),

&LBELEM(DFBASE, DNODE,DSYS)

DO 500 [=I,NSYS

DO 450 J=I,NNODE(1)

DO 400 K=I,NFBASE(J.[I

REWIND (I0)

I0 READ(10.'qA80)') BECORDI

C CBEXA elements:

IF(RECORDI(I:5),EQ.'CHEXA'I THEN

WRITE(INTUI,'(A80)') RECORD1

READ(INTUI.'(8X,18,BX.618,1X,A7)') EID.GI,G2,G3,G4,G5,G6.CONT

[F(EID.NE.LBELEM{K,J,I)) GOTO i0

C COUNT2 is number of end-of-flies reache_ during search.

COUNT2=0

20 HEAD(10,'(A80}'.END=30) RECORD2

IF{RECORD2(I:8).EQ.'+'//CONT) THEN

WRITE(INTUI,'(AS0)') RECORD2

READ(INTUI,'(8X, 2181') GT.G8

GOTO 40

ENDIF

27 GOTO 20

30 COUNT2=COUNT2+I

IF(COUNT2.GT.I) THEN

WRITE(6,*) "ERROR: missing NASTP_%N CB_w.A continuaKion card.'

STOP

ENDIF

REWIND (1O)

GOTO 27

40 CONTINUE

C If support node is a CHEXA G1 GRID, the "first base" side edge node

C is the G9 G_ID. and the "thlrd base" slde e_ge node is the GI2 GRID:

IFILBNODE(J,I).EQ.GI) THEN

Gg-LBNEWNODE(K+3.J,I)

DO L_I.NFBA_E(J,I)

IF(G4.EQ.LBFBASE(L,J, I) ) THEN

GI2-LBNEWNODE(L+3.J,I)

C_TO II0

ENDIF

ENDDO

ii0 WRITE{]0, '{AS0)') RECORD1

WRITE(30,1020) '+'//CONT,GT,GS,G9.0.0,GI2

GOTO 390

ENDIF

C If support node is a CHEY_A G2 GRID. the "fzrst base" side edge node

C is the GI0 GRID. and the "third ba_e" slde edge node is the G9 GRID:

IF{LBNODE(J,I).EQ.G2) THEN

GI0=LBNEWNODE(K+3,J,I)

DO L=|.NFBASE{J,II

IF(GI.EQ.LBFBASE(L,J.I)) THEN

Gg=LBNEWNODE(L*3,J.I)

GOTO 120

ENDIF

ENDDO



120 WHITE(30,'(A801')RECORD1WRITE(30.10201"+'//CONT,G7,GH,Gg,GIO

GOTO 390

ENDIF

C If support no_e _s a CHEXA G3 GRID, the "first bate" side edge node

C ia the GII GRID. and the "thlrd base" side edge node is the GI0 GRID:

IF(LBNODE{J,I}.EQ.G3) THEN

GII-LBNEWNODE(K+3,J,I)

DO L=I.NFBA_EIJ,I}

IF(G2.EQ.LBFBASE{L,J,I)) THEN

GI0=LBNEWNODE(L+3.J,I}

GOTO 130

ENDIF

END DO

130 WRITE(3C.'(AHD)'} RECORDI

WRITE_30,102D) '+'//CONT.G7.G8,0,GIO,GII

GOTO 390

ENDIF

C If support node Is a CNEXA G4 GRID, the "first base" szde edge node

C is the GI2 GRID, and the "thlrd base" side edge node xs the GII GRID:

IF(LBNODE(J.I).EQ.G4) THEN

GI2=LBNEWNODE(K+3,J,I)

DO L=I.NFBAtE(J.I)

IF(G3.EQ.LBFBASE(L.J,I)) THEN

GII=LBNEWNODE(L+3.$.I)

C_TO 140

5NDIF

END DO

140 WRITE(30,'(A80)') RECORD1

WRITE(30,1020) '*'//CONT,GT,GH.0,0,GII,GI2

GOTO 390

ENDIF

C If suppor_ node is a CHEXA G5 GRID, the "flrst base" slde edge node

C is the G20 GRID. a_d the "thlrd base" sloe edge node zs the GI? GRID:

IF(LBNO_L{J,[).EQ.G5) THEN

G20=LBNEWNODE(K÷3,3.1)

DO L=I,NEBASEqJ,I)

IV(G6.EQ.LBFBASEIL, J,I)) THEN

GIT=LBNEWNODE{L+3,J,I)

GOTO 150

ENDIF

ENDDO

150 WRITE(30,'_A80)') RECORD1

WRITE[30,102O) '+'/[CONT.G7,GB.O,O,D,O.O.O,'+E',EID,'B'

WRITE(30,1030) '+E',EID,'B'.0,0.GIT,O,O.G20

GOTO 390

ENDIF

C If support node is a CHEW G6 GRID, the "first base" side edge ,ode

C Is the GI7 GRID. and the "thlrd base" side edge node is the GI8 GRID:

IFILBNODE(J,I}.EQ.G6) THEN

GI7-LBNEWNODE{K+3,J,I)

DO L=I,NFBASE{3.I)

IF{G7.EQ.LBFBASE(L,J,I)) THEN

GIB-LBNEWNODE(L+3.J,I)

GOTO [60

ENDIF

ENDDO

160 WRITEI30,'qABO)') RECORD1

WRITEI30,1020) '+'//CONT,G7,GH,0, O,O,O.O.O,'+E'.EID,'B'

WRITE(3O, 1030) '+E'.EID,'B',0,0.GI7,G]B

GOTO 390

ENDIF

C If support node is a CHEXA G7 GRID, the "first base" side e_ge bode

C ls the G[8 GRID, and the "thlrd base" side edge node is the GI9 GRID:

IF(LBNODE(J,I).EQ.G?) THEN

GIB=LBNEWNODE(K*3,3,1)

DO L=I,NFBASEIJ, I)

IFIGH.EQ.LBEBASEIL, J.I)) THEN

GI9=LBNEWNODE(L÷3.J,I)

C_TO 170

ENDIF

ENDDO

170 WRITE(30,'_A80)') RECORD1

WRITE(3O.1020) '+'I/CONT.G7,GH.0, O.O,O.O,O,'+E'.E[D,'B'

WRITE(30,1030b '+E*,EID,'B',0,0.0,GIH,GI9

GOTO 390

£NDIF

C If support node ks a CHEXA G8 GRID, the "first base" slde edge node

$ ks the GI9 GRID, and _he "thlrd base" side edge node Is _he G20 GRID:

IV(LBNODE(J,[).EQ.G8) THEN

GI9=LBNEWNODEIK+3.3.1)

DO L=I,NFB_E(J,T)

IF(Gt.EQ.LBFBASE(L.J.I)) THEN

G20=LBNEWNODE{L÷3,J,I)

_0_ 180

ENDIF

ENDDO

180 WRITE(30,'(AS0)') RECORD1

WRITE(3O.1020) '+'/ICDNT,G7,G8.0,0*O,0, 0,o,'÷E_.E!D''B'

WRITE(3O,1O3O) '+E',EID,'B',0,0.0,0.GI9,G2D

GOTO 390

ENDIF

ENDIF

C

C CPENTA eleraents:

C*''*****''*''***''*'''**'""*'*''******'"***'''*'*"*''****'***'''''''''"

IF{RECORDI(I:6).EQ.'CPENTA') THEN

WRITE(IN_I, '(A80)') RECORDI

READ(INTUI,'IHX, 18.8X.618.1X,AT}') EID, GI,G2,G3,G4,G5,G6,CONT

IF_EID.NE.LBELEM(K,J.I)I CADTO i0

C If support node is a CPENTA G1 GRID. the "f_rst base" side _,dge node

C ls the G7 GRID, and the "third base" side _ge node is the G9 GRID:

IFILBNODE(J,I).EQ.GI) THEN

G7*LBNEWNODE(K÷3,J,I)

DO L_I. NFBA_E {J, I}

IF(G3.EQ.LBFBASEIL. J,I)) THEN

GD=LBNEWNODEIL÷3.J,I)



GOTO 190

5NDIF

ENDDO

WRITE(30,1030) '+E',EID,'A',GT,0,G9

GOTO 390
ENDIF

C If support node is a CPENTA G2 GRID, _he " first base" side _ge node
C Xs _he G8 GRID, and _he "third base" sxde edqe node ls the G7 GRID:

IFILBNODE(J,I).EQ.G2) THEN
GSzLBNEWNODE(K+3,J,I)

DO L=I,NFB_E(J.I)
IFIGI._Q.LBFBASE(L,J,I)) THEN

G7=LBNEWNOOE(L*3, J, II

GOTO 2G0

ENDIV
ENDDO

200 WRITE(30,1010} _ECORD]II:72)//'+E'.EID,'A'
_RITE(30,1030) _+E',EID,'A'.G7,G8

GOTO 390

ENDIF

C :f suppor_ _ode xs a CPENTA G3 GRID. the "first base" side edge node
C xs the G9 GRID, and the "thxrd base" slde edge node i_ the G8 GRID:

IV(LBNODEIJ,[I.EQ.G31 THEN

Gg=LBNEWNODE(K+3,J,I_

DO LzI,NFB_EIJ, I)
[FIG2.EQ.LBFBASE(L,J,I)_ THEN

GS_LBNE_NODE(L÷3,J,I)

ENDIF

ENDDO

210 WRITE(30, I010) RECORDI(I:72)//'*E'. EID, 'A'
_RITE(_0,1_30) '+_',EID,'A',0,GS,G9

GOTO 39O

ENDIF

C If support node _s a CPENTA G4 G_ID, the "f_rst ba_e" side edge node
C _s _he GI5 GRID, and the "third base" sxde edg_ node is _he GI3 GRID:

_FILSNODE(J,I_.EQ.G4) THEN
GI5=LBN_WNODE(K+3,J,I)

DO L=I.NFBb-_E(J,II

IFIGS,EQ,LBFBASEIL, J, II) T_N

GI3=LBN_WNOD_(L+3.J,I)
GOTO 220

ENDIF

_NDDO
220 WRITE(30.10101 R_CORDI(I:?2)//'+E'.EID, 'A'

WRITE(30,1030) '*E',EID,'A',0,0,0,0,_.0,GI3,0, '÷E',EID,'B_
_RITE(3C,103_I I*£',EIO,'B1,GI5

GOTO 390

ENDI_

C if _uppo_t node _s a CPENTA G5 GRID, _he "flrst ba_e" si_e edge node
C I_ the _13 GRID, and the "thxr_ Dase" sxde edqe node is the G14 GRID:

IF(LBNODE(J,I).EQ.GS) THEN

GI3=LBNEWNODE(K÷3.J,I)
DO L_I.NVBASE(J,I)

IF(G6.EQ.LB_SASE(L,J.I_) THEN

GI4-LBNKWNOD_(L+3,J, II
GOTO 230

ENDIF

£NDDO

230 WRITE(30,1010) RECORDI(I:72)//'÷E',EID,'A'
WRITE(30,1030) '÷£'_IO.'A',0,0,0,0,0,0,GI3,GI4

GOTO 390

ENDIF

C if suppor_ node _s a CPENTA G6 GRID, the _firs_ ba_e" side _ge node
C _s _he GI4 G_ID. and the "thlrd base" sx_e edge node is _he Gl5 GRID:

IF(LBNODE(J,I).EQ.G6) THEN

GI4=LBNSWNODE(K+3.J,II
DO L=I,_FBASE(J,I)

IV(G4.EQ.LBFBASE(L.J.I)) THEN

GI5=LBNEWNOD_(L+3,J,I_
GOTO 240

ENDIF

ENDDO
240 WRITE(30, i010) RECORDI_I:72)//'*E',EID,'A'

WRITE(30,1030) '+E',EID.'A',0,0,0,0,0,0,0,GI4,'+E',_ID,'B'

WRITE(30,1030) '+E',EID,'B',GI5
GOTO 390

ENDIF

ENDIF
GOTO 18

I010 FO;_4AT(A74,IS,AI)

1020 FOP_T(AS, SIS.A2. I5,AI)
i0_0 FORMAT (;_, 15, AI ,818, A2, 15,All

390 coNTINUE

400 COMTIN_E

450 CONTINUE
500 CONTINUE

9999 RETURN

END

C
SUBROUTINE RISOEL(LBOLDELEM, LBNEWNODE, NNEWNODE, DNEWNODE,

_NNODE, DNODE,NSYS,DSY$)

C RIBOELIRIqxd BOdy ELement) generates RBEI e_em_nts representlng mlrror

C support _r_ts u_ing tn_ new no_es generated by _he NEWNODE subroutxne.
IMPLICIT [NT_GER (A-Z)

DIMENSION LBNEWNODE(DNEWNO _5, DNODE, DS¥$). NNEWNODE (DNODE, DSY5_,

&NNOD_(DSY$)

LBRBE=LBOLDELEM
DO 500 I=_.NSY$

DO 450 J=I,NNODEII)
LBRBE=LBRBE÷I

WRITE(30,1010) 'RBEI'.LBRBE,LBNEWNODE(I,J.I),I3,
LBNEWNODE (2. J, I) , 2, LBNEWNODE (3, J. I) ,2. '+E' .LBRB_, 'A'

_RIT5(30, I0201 '÷E'. LBRB_, 'A', LBNEWNOD£ (4, J, I), i,

& LBNEWNOD_ (5, J, I), 1, '÷E ', LBRBE, 'B '

WRITE(30. I0301 _+E', LBRBE, 'B', 'UM'. LBNE_ODE (I, J, I), 2,

L LBNEWNODE 12, J, I 1,13, LBNEWNODE (3, J. I) ,13. '+E' ,LBRBE, 'C'



WRITE(30,10401 '*E',LBRBE,'C',LBNEWNODEI4,J,I),23,

& LBNEWNODE(5, J,I),23,LBNEWNODE(6,J,I),I23,'+E',LBRBE,'D'

C

[F{NNEWNODE(J,I)_EQ.7) THEN

WRITE(30,1050) '+E',LBRBE,'D',LBNEWNODE(7,J,[).I23

ENDIE

C

IF(NNEWNODE(J,I).EQ.8) THEN

WRITE(30,1050) '÷5',LBRBE.'D'.LBNEWNODE{7,J,I),I23.

& LBNEWNODE(8.J.I}.I23

ENDIF

C

IF(NNEWNCDE(J,I).EQ.9) THEN

WRITi(]0,[C50) '+E'.LBRBE,'D',LBNEWNODEI7,J,I),I23,

& LBNEWNOZE(8,J,I),I23, LB_EWNODE(9.J,[),123

EN_:F

C

450 CONT :_£

500 CONT[ _JE

I010 FORMAT(A4,4X. TIH,HX,A2,15,AI)

i020 FORMAT(A2,[5,AI, HK,4IH,24×,A2,15,AI)

1030 FORMAT(A2,[5.AI.6X,A2,6IH, HX, A2,I5,AI)

1040 FORMAT(A2,I5.AI, eX,618,8X, A_,I5,AI)

1050 FORMAT(A2,IE,AI,HX,618)

RETI/RN

END

C

SUBROUTINE MPCLAT(TILT, FTILT, FLCOMP.LBNEWNODE, NNEWNODE,DNEWNODE.

&NNODE, DNODE,LBSYS, NSYS, DSYS, ISID. ICONT)

C M_CLAT GENERATES the Multipoint Cons_ralnt equatlons for the lateral

C support system.

IMPLICIT INTEGER (A-ZI

RF_AL RVALI, RVAL2._VAL3, RVAL4, TILT. FTILT.FLCOMP

OI_NSION NNODEIDSYS), LBNEWNGDE (DNEWNODE, DNODE, DSYS),

&NNEWNOOE(DNODE. DSYS),LBSYSIDSYS),FTILTtDNODE, DSYS),TILT(DSYS),

&FLCOM_(ONODE, DSYSI

WRITE(30. 'IA28)') '$LATE_L SUPPORT CONST_INTS'

ICONT=0

ISID=0

DO I=I,NSYS

WRITE(30,'(A23, 13)') '$LATERAL SUPPORT SYSTEM',LBSYS(1)

ISID=ISID*I

DO J=I,NNODE(1)

RVALI=FLCOMP(J. II

RVAL2=TANDIFTILT(J, I)'TILT(I}'FLCOMP(J.I))

RVAL3.(RVALI,*2.+RVAL2"'2.)'_.5

RVAI_4=-RVAL3

IF(J.EQ.I) THEN

WRITE{30.10101 'M PC', I, LBNEWNODE(I,J,I).3,RVALI,

& LBNEWNODE(I,J.I).I.RVAL2,'+MPC'.ICONT+I

GOTO 10

ENDIF

ICONT=ICONT+I

WRITE(3D. IE20) '+M_C',ICONT,LBNEWNODEII,J,I),3, RVA/_I,

& LBNEWNODEII.J.[),I, RVAL2,'÷MPC',ICONT ÷I

i0 CONTINUE

ICONT-ICONT+I

!F(JEQ.NNODE(1)J THEN

WRITE (30, 1020) '+MPC',[CONT, LBNEWNODE(2,J, II,2. RVAL3,

& LBNEWNODEI3,J.I).2,RVAL_

GOTO 20

ENDIF

WRITE(30,1O20) ".MPC',ICONT,LBNEWNODE(2,J,I),2,RVAL3.

& LBNEWNODE(3,J,I).2,RVAL4,''MPC'.ICONT+I

20 CONT!_JE

5NDDO

ENDDO

i010 FOKMATiA3,5X, IH.2(2[8.EH.5),HX, A4, I4)

1020 FORM, AT(A4,14.HX.2(2[8.F8.5).HX. A4,141

RETURN

END

C

SUBROUTINE MPCAX I_LL {FCOMP, LBANODE, NANODE. DA/4ODE, LBASYS, NA.SYS,

&DASYS. ISID, ICONT)

C MPCAXIAL generates the Multlpolnt Constraln_ equations for the axlal

C support system.

IMPLICIT INTEGER (A-Z)

REAL RVALI . RVAL2 ,FCOMP

DIM_ENSION LBANODE (DANODE. DA_YS) . NANODE (DASYS) . _OMP (DANODE, DASYS) ,

& LHAEY$ (DASYS)

WRITE(30, ' {A26) ' ) ' SA3(IAL SUPPORT CONSTRAINTS'

DO I= I, NA_YS

WRITKI]0. ' iA21. I3) ') '$AJ(IAL SUPPORT SYSTKM',LBASYS(I]

DO J=I,NANODE(I).2

HVA/_I-FCOMP(J. II

RVA/_2-FCOMP(J+I.I)

IF(J.EQ.I.AND.J÷I.FX_.NANODE(I}) THEN

WRITE(30.1010} 'MPC',I+ISID. LBANODE(J.I),2.RVA/_I,

& LBANODE(J+I,I}.2.RVAL2

GOTO I0

ENDIF

IF(J.EQ.I) THEN

W_ITE(30.1010) 'MPC', I+ISID, LBANODE{J, I},2. RVALI,

& LBANODE{J*[. I},2, RVAL2, '+MPC', ICONT+I

GOTO 10

ENDIF

[CONT=ICONT*I

:F(J.EQ.NANODE{I)} THEN

WRITE(30. [020) '*MPC'. ICONT. LBANODE(J, I), 2, RV_%_LI

GOTO 20

ENDIF

[V(J+I.EQ.NANODE(1)} THEN

W_[TE(30,1020) '+MPC',ICONT, LBANOOE(J.I),2,RVALI,

& LBANOUE(J÷I, 1).2. HVA/_2

OOTO LO

ENDIF

_BITE(30. i020) "+MPC'. [CONT, LBANODE(J. I),2. RVALI,

& LBANOOEIJ+[.[I.2. RVAL2.'-MPC',ICONT+I



I0 CCNTINUE

20 CONTINUE

ENDDO
ENDDO

1010 FOR_IAT (_, 5X, [8. 2 (2 I8, F8 .5) ,8X. A4, I4 )

!020 FORMAT (A4, 14,8X, 2 (2 I8, E8 .5) .8X. A4, [41

RETURN

END

C
SUBROUTINE MPCADD INSYS, NASYS)

C _%PCADD wrlces the NASTP_N "MPCADD" card which conglomerates the M_C

C cards to be included for the current model.
IMPLICIT INTEGER qA-Z)

NM_C= NSYS -NASY S

IF (NMPC.LE. 71 THEN
WRITE(30, i010) '_CADD' ,i001. (I, [=i .NMPC)

GOTO 9000

ENDIF

C
IMPC=O

ICONT=0
IM2C= IM2C +7

WRITE(30. i010) 'MPCADD' . 10ill, (I, I= i, IMPC) , '÷MPCA' ,ICONT+ 1

i0 CONTINUE
I._%PC= IM2C +8

ICONT= ICONT+ 1

IF (NMPC. LE. IMPCI THEN
WRITE(30. 1020) '_MPCA'. ICONT. (I. I=IM_C-7,NMPC)

C_TO 9000

ENDIF
WRITE(30, 1020) '-M_CA' , :CONT, (I, [=IMPC-'I, IMPC) , '÷M_CA' . ICONT+I

DOTO ! 0

I010 FORMAT (A6. 2X, 8 [8. A_* i 3)

1020 FOKMAT (AS, i3. 8 I8, AS, 131
9000 CONTINUE

RETURN

END

6.2 NASTRAN Input

ID SOFIA TA PRIMARY MIRROR MODEL

SOL 24

TIME 5.

$ RF24DBI FOR GPS; RF24D41 FOR SORT STRESS OUTPUT(REF NUMOUT OR BIGGER)

$ RF24D74 FOR INTERNAL RESEQUENCING(REF NEWSEQ)

$ RF24D24 FOR CONTRAINT FORCES FROM MPCS AND RBES

$ USE ONLY RF24D24 AND RF24D81

READ 9

$ OUTPUT: CONSTRAINT FORCES - OQGI

$ NODAL DISPLACEMENTS - OUGVI

$ ELEMENT STRESSES - OESI

$ ELEMENT FORCES - OEFI

S GRID POINT STRESSES - OGSI

$

ALTER 176 S

$OUTPUT2 ,OUGVI,OESI,OEFI,OGSI//-I/II $

OUTPUT2 ,OUGVI,OESI,,//-I/II $

CEND

TITLE=STATIC MODEL

ECHO=SORT(MATI,MAT2,MAT9,pARAM, PSOLID, PSHELL, SUPORT, SPCI,

RBE2,RBE3,CELAS2,RBAR, LOAD, GRAV, FORCE)

SPCFORCES(SORTI)=ALL

DISPL(PLOT)=ALL

$ELSTRESS(PLOT]=ALL

GPSTRESS(PLOT)= ALL

SUBTITLE-FINE MESH, 64 SUPPORTS

$ X-AXIS PARALLEL TO A,B. SHAFT, ROLL AXIS OF THE AIRCRAFT

$ THE MIRROR IS TO BE TILT ABOUT X-AXIS

SUBCASE = !

LABEL 0 DEGREE ELEVATION, GI'SIN(0) + G2"COS(0)

SPC = I

MPC = I001

LOAD = 210

SUBCASE - 2

LABEL -20 DEGREE ELEVATION, GI'SIN(201 * G2"COS(20)

SPC = 1

MPC = iO01

LOAD = 220

SUBCASE = 3

LABEL =40 DEGREE ELEVATION, GI*SIN(40) + G2"COS(40)

SPC = 1

MPC = I001

LOAD = 230

SUBCASE = 4

LABEL =60 DEGREE ELEVATION, GI*SIN(60) + G2"COS(60)

SPC = I

MPC = 1001

LOAD = 240

SUBCASE : 5

LABEL =90 DEGREE EVEVATION, GI*SIN(90) + G2"COS(90)

SPC = I

MPC = i001

LOAD = 250

OUTPUT(PLOT1



CSCALE=4.0
PLOTTERNASTRANPAPERSIZE105X80
SET1= ALL

AXES Z,X,Y

VIEW 0.,0.,0.

?TITLE- GEOM PLOT, XY VIEW

PLOT SET 1

AXES X,Z,Y

VIEW 0.,0.,0.

?TITLE= GEOM PLOT, ZY VIEW

PLOT SET 1

AXES Y,X,Z

VIEW 0.,0.,0.

?TITLE= GEOM PLOT, XZ VIEW

PLOT SET i

AXES Z,X,Y

VIEW 0.,0.,0.

.MAXIMUM DEFORMATION 40

FIND SCALE, ORIGIN I, SET 1

?TITLE= DEFORM PLOT, XY PLANE

PLOT STATIC 0, SET 1

OUTPUT(POST)

SET 1 = ALL

VOLUME i SET i

S'SOFIATAI MODEL: SOFIA TA ASSEMBLY, SPCI AT AB CELAS END POINTS *

$*STATIC ANALYSIS - WTS VERIFICATION (LSC/ARC 19 MAR, 1991) *

$

BEGIN BULK

$ USE KG/MM^3 FOR DENSITY, GEOM IN M_4, AND FORCE IN NEWTON(KG*M/SEC^21

pARAM, WTMASS,.O01

PARAH, GRDPNT, O

PARAM, K6ROT,I.0

SPAR/LM, NEWSEQ, 3

SPARAM,NUMOUT,40

SPARAM,BIGER, 20000.

PARAM,AUTOSPC,YES

GRDSET 456

LOAD 210 i. 0. 310 I. 320

LOAD 220 i. .342020 310 .939693 320

LOAD 230 I. .642788 310 .766044 320

LOAD 240 I. .866025 310 .5 320

LOAD 250 I. I. 310 0. 320

GRAV 310 0 9806.65 0. -I. 0.

GNAV 320 0 9806.65 0. O. -i.

$ TITLE = FINE MESH MODEL, ALL SUPPORTS INCLUDED

$ DATA DECK PRODUCED BY PATNAS VERSION 2.2: 26-JUN-91 14:58:17

SPCI 1 1 Ii0 452

GRID i 170.000-917.699 0.

GRID 2 156.641-917.699-66.1717

GRID 3 120.208-917.699-120.208

GRID 4 66.1717-917.699-156.641

GRID 5 0. -917.699-170.000

GRID 6 259.903-914.620 0.

GRID 7 239.478-914.620-101.166

GRID 8 183.779-914.620-183.779

GRID 9 101.166-914.620-239.478

GRID i0 O. -914.620-259.903

GRID 11 349.710-910.256 0.

GRID 12 322.228-910.256-136.123

GRID 13 247.282-910.256-247.282

GRID 14 136.123-910.256-322.228

GRID 15 0. -910.256-349.710

GRID 16 170.000-977.699 0.

GRID 17 156.641-977.699-66.1717

GRID 18 120.208-977.699-120.208

GRID 19 66.1717-977.699-156.641

GRID 20 0. -977.699-170.000

GRID 21 259.903-974.620 0.

GRID 22 239.478-974.620-101.166

GRID 23 183.779-974.620-183.779

GRID 24 101.166-974.620-239.478

GRID 25 0. -974.620-259.903

GRID 26 349.710-970.256 0.

GRID 27 322.228-970.256-136.123

GRID 28 247.282r970.256-247-282

GRID 29 136.123-970.256-322.228

GRID 30 O. -970.256-349.710

GRID 31 624.400-888.882 0.

GRID 32 602.096-888.882-165.990

GRID 33 539.151-888.882-315.147

GRID 34 441.517-888.882-441.517

GRID 35 315.147-888.882-539.151

GRID 36 165.990-888.882-602.096

GRID 37 0. -888.882-624.400

GRID 38 750.000-875.054 0.

GRID 39 723.209-875.054-199.380

GRID 40 647.603-875.054-378.539

GRID 41 530.330-875.054-530.330

GRID 42 378.539-875.054-647.603

IIDmNAL 

I J ' JAUTY



GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GR_D

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

43

44

45

46

47

48

49

50

51

52

53

54

95

56

57

58

59

6O

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

8O

81

82

83

84

85

86

87

88

89

9O

91

92

93

94

95

96

97

98

99

i00

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

!99.380-875.054-723.209

O. -875.054-750.000

624.400-948.882 O.

602.096-948.882-165.990

539.151-948.882-315.147

441.517-948.882-441.517

315.147-948.882-539.151

165.990-948.882-602.096

0. -948.882-624.400

750.000-935.054 O.

723.209-935.054-199.380

647.603-935.054-378.539

530.330-935.054-530.330

378.539-935.054-647.603

199.380-935.054-723.209

O. -935.054-750.000

1215.27-801.292 O.

1204.18-801.292-164.905

1171.86-801.292-323.067

1119.77-801.292-473.038

1049.35-801.292-613.370

962.054-801.292-742.615

859.326-801.292-859.326

742.616-801.292-962.054

613.370-801.292-1049.35

473.038-801.292-1119.77

323.067-801.292-1171.86

164.905-801.292-1204.18

-1.221-4-801.292-1215.27

1345.00-774.278 O.

1332.72-774.278-182.509

1296.96-774.278-357.554

1239.30-774.278-523.535

1161.37-774.278-678.848

1064.75-774.278-821.890

951.059-774.278-951.059

821.890-774.278-1064.75

678.847-774.278-1161.37

523.535-774.278-1239.30

357.554-774.278-1296.96

182.509-774.278-1332.72

-1.221-4-774.278-1345.00

1215.27-861.292 O.

1204.18-861.292-164.905

1171.86-861.292-323.067

1119.77-861.292-473.038

1049.35-861.292-613.370

962.054-861.292-742.615

859.326-_61.292-859.326

742.616-861.292-962.054

613.370-861.292-1049.35

473.038-861.292-1119.77

323.067-861.292-1171.86

164.905-861.292-1204.18

-1.221-4-861.292-1215.27

1345.00-834.278 O.

1332.72-834.278-182.509

1296.96-834.278-357.554

1239.30-834.278-523.535

1161.37-834.278-678.848

1064.75-834.278-821.890

951.059-834.278-951.059

821.890-834.278-1064.75

678.847-834.278-1161.37

523.535-834.278-1239.30

357.554-834.278-1296.96

182.509-834.278-1332.72

-1.221-4-834.278-1345.00

457.012-901.928-133.872

415.816-901.912-232.464

487.208-901.073 O.

344.508-901.073-344.508

457.012-961.928-133.872

415.816-961.912-232.464

487.208-961.073 O.

344.508-961.073-344.508

232.346-901.904-415.998

133.645-901.934-456.985

O. -901.073-487.208

232.346-961.904-415.998

133.645-961.935-456.985

O. -961.073-487.208

907.190-854.129 O.

895.316-854.129-147.151

860.941-854.129-286.742

805.931-854.129-416.906

732.155-854.129-535.775

641.480-854.129-641.480

919.030-831.030-515.094

1014.10-830.854-289.668

978.650-830.909-392.269

!044.23-830.749-151.305
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138
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165
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168

!69

170

!TI

172
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176

177

178

179

180

181

182
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184

185
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!89
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191
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194
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197
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199
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2CI

202
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204
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207

2O8

209

210

211

212

213

214

215

216

21/

218

219

220

221

222

223

224

225

226

841.212-830.809-636.214

1061.56-829.627 0.

750.637-829.627-750.637

907.190-914.129 0.

895.316-914.129-147.151

860.941-914.129-286.742

805.931-914.129-416.906

732.155-914.129-535.775

641.480-914.!29-641.480

919.030-891.030-515.094

1014.10-890.854-289.668

978.650-890.909-392.269

1044.23-890.749-151.305

841.212-890.809-636.214

1061.56-889.627 0.

750.637-889.627-750.637

535.775-854.129-732.155

416.906-854.129-805.931

286.742-854.!30-860.941

147.151-854.130-895.316

C. -854.130-907.190

297.196-831.089-1010.48

426.963-830.902-964.048

523.024-930.789-916.167

637./78-830.658-841.139

152.358-830.898-1043.20

0. -829.627-1061.56

535.775-914.129-732.155

416.906-914.129-805.931

286.742-914.130-860.941

147.151-914.130-895.316

0. -914.130-907.590

297.196-891.089-1010.48

426.963-890.902-964.048

523.024-890.789-916.167

637.778-890.658-841.139

152.358-890.898-1043.20

0. -889.627-1061.56

250.471-866.401-779.712

382.722-866.297-724.859

132.565-866.345-808.492

483.785-866.126-663.170

250.471-926.401-779.712

382.722-926.297-724.859

132.565-926.345-808.492

483.785-926.126-663.170

780.150-866.336-250.741

724.303-866.377-382.468

809.548-866.205-132.698

662.378-866.276-482.942

780.150-926.336-250.741

724.303-926.377-382.468

809.548-926.205-132.698

662.378-926.276-482.942

-170.000-917.699 0.

-156.641-917.699-66.1717

-120.208-917.699-120.208

-66.1717-917.699-156.641

-259.903-914.620 O.

-239.478-914.620-101.166

-183.779-914.620-183.779

-101.166-914.620-239.478

-349.710-910.256 0.

-322.228-910.256-136.123

-247.282-910.256-247.282

-136.123-910.256-322.228

-170.000-977.699 0.

-156.641-977.699-66.1717

-120.208-977.699-120.208

-66.1717-977.699-156.641

-259.903-974.620 O.

-239.478-974.620-101.166

-183.779-974.620-183.779

-101.166-974.620-239.478

-349.710-970.256 0,

-322.228-970.256-136.123

-247.282-970.256-247.282

-136.123-970.256-322.228

-624.400-888.882 0.

-602.096-888.882-165.990

-539.151-888.882-315.147

-441.517-888.882-441.517

-315.147-888.882-539.151

-165.990-888.882-602.096

-750.000-875.054 0.

-723.209-875.054-199.380

-647.603-875.054-378.539

-530.330-875.054-530.330

-378.539-875.054-647.603

-199.380-875.054-723,209

-624.400-948.882 0.

-602.096-948.882-165.990
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-539.151-948.882-315.147

-441.517-948.882-441.517

-315.147-948.882-539.151

-165.990-948.882-602.096

-750.000-935.054 0.

-723.209-935.054-199.380

-647.603-935.054-378.539

-530.330-935.054-530.330

-378.539-935.054-647.603

-199.380-935.054-723.209

-1215.27-801.292 O.

-1204.18-801.292-164.905

-1171.86-801.292-323.067

-1119.77-801.292-473.038

-1049.35-801.292-613.370

-962.054-801.292-742.615

-859.326-801.292-859.326

-742.616-801.292-962.054

-613.370-801.292-1049.35

-473.038-801.292-1119.77

-323.067-801.292-1171.86

-164.905-801.292-1204.18

-1345.00-774.278 0.

-1332.72-774.278-182.509

-1296.96-774.278-357.554

-1239.30-774.278-523.535

-1161.37-774.278-678.848

-1064.75-774.278-821.890

-95!.059-774.278-951.059

-821.890-774.278-1064.75

-678.847-774.278-1161.37

-523.535-774.278-1239.30

-357.554-774.278-1296.96

-182.509-774.278-1332.72

-1215.27-861.292 O.

-1204.18-861.292-164.905

-1!7!.86-861.292-323.067

-1119.77-861.292-473.038

-1049.35-861.292-613.370

-962.054-861.292-742.615

-859.326-861.292-859.326

-742.616-861.292-962.054

-613.370-861.292-1049.35

-473.038-861.292-1119.77

-323.067-861.292-1171.86

-164.905-861.292-1204.18

-1345.00-834.278 0.

-1332.72-834.278-182.509

-1296.96-834.278-357.554

-1239.30-834.278-523.535

-1!61.37-834.278-678.848

-!064.75-834.278-821.890

-951.059-834.278-951.059

-821.890-834.278-1064.75

-678.847-834.278-1161.37

-523.535-834.278-1239.30

-357.554-834.278-1296.96

-!82.509-834.278-1332.72

-457.012-901.928-133.872

-415.816-901.912-232.464

-487.208-901.073 0.

-344.508-901.073-344.508

-457.012-961.928-133.872

-415.816-961.912-232.464

-487.208-961.073 0.

-344.508-961.073-344.508

-232.346-901.904-415.998

-133.645-901.934-456.985

-232.346-961.904-415.998

-133.645-961.935-456.985

-907.!90-854.129 0.

-895.316-854.129-147.151

-860.941-854.129-286.742

-805.931-854.129-416.906

-732.155-854.129-535.775

-641.480-854.129-641.480

-919.030-831.030-515.094

-1014.10-830.854-289.668

-978.650-830.909-392.269

-1044.23-830.749-151.305

-841.212-830.809-636.214

-1061.56-829.627 0.

-750.637-829.627-750.637

-907.190-914.129 0.

-895.316-914.129-147.151

-860.941-914.129-286.742

-805.931-914.129-416.906

-732.155-914.129-535,775

-641.480-914.129-641.480

-919.030-891.030-515.094

-1014.10-890.854-289.668

-978.650-890.909-392.269
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319320
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323324
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326327
328
329330
33".
332333
334
335336
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339
340341
342
343344
345346
347
348349
350
351352
353354
355
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357
358359
360
361362
363364
365366
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368369
37C37!
372
373374
375
376
377
378379
380381
382
383384
385
386387
388389
390
391392
393394
395
396397
398399
40C
401402
403
404
405406
407
408409

-1044.23-890.749-151.305-841.212-890.809-636.214
-1061.56-889.6270.
-?50.637-889.627-750.637-535.775-854.129-732.155
-416.906-854.129-805.931-286.742-854.130-860.941
-147.151-854.130-895.316
-297.196-831.089-1010.48
-426.963-830.902-964.048
-523.024-830.789-916.167-637.778-830.658-841.139
-152.358-830.898-1043.20-535.775-914.129-732.155
-416.906-914.129-805.931-286.742-914.130-860.941
-147.151-914.130-895.316
-297.196-891.089-1010.48-426.963-890.902-964.048
-523.024-890.789-916.167
-637.778-890.658-841.139-152.358-890.898-1043.20
-250.471-866.401-779.712
-382.722-866.297-724.859-132.565-866.345-808.492
-483.785-866.126-663.170-250.471-926.401-779.712
-382.722-926.297-724.859
-i32.565-926.345-808.492-483.785-926.126-663.170
-780.150-866.336-250.741
-724.303-866.377-382.468-809.548-866.205-132.698
-662.378-866.276-482.942-780.150-926.336-250.741
-724.303-926.377-382.468
-809.548-926.205-132.698
-662.378-926.276-482.942156.641-917.69966.1717
120.208-917.699120.208
66.1717-917.699156.641
0. -917.699170.000239.478-914.620101.166
183.779-914.620183.779!01.166-914.620239.478
0. -914.620259.903322.228-910.256136.123
247.282-910.256247.282
136.123-9!0.256322.2280. -910.256349.710
156.641-977.69966.1717120.208-977.699120.208
66.1717-977.699156.641_. -977.699170.000
239.478-974.620 101.166

183.779-974.620 183.779

101.166-974.620 239.478

0. -974.620 259.903

322.228-970.256 136.123

247.282-970.256 247.282

136.123-970.256 322.228

0. -970.256 349.710

602.096-888.882 165.990

539.151-888.882 315.147

441.517-888.882 441.517

315.147-888._82 539.151

165.990-888.882 602.096

0. -888.882 624.400

723.209-875.054 199.380

647.603-875.054 378.539

530.330-875.054 530.330

378.539-875.054 647.603

199.380-875.054 723.209

0. -875.054 750.000

602.096-948.882 165.990

539.151-948.882 315.147

441,517-948.882 441.517

315.147-948.882 539.151

165.990-948.882 602.096

0. -948.882 624.400

723.209-935.054 199.380

647.603-935.054 378.539

530.330-935.054 530.330

378.539-935.054 647.603

199.380-935.054 723.209

0. -935.054 750.000

1204.18-801.292 164.905

1171.86-801.292 323.067

1119.77-801.292 473.038

i_49.35-801.292 613.370

962.054-801.292 742.615

859.326-801.292 859.326
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411412
413
414415
416417
458
419
420421
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423424
425426
427
428429
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432433
434435
436
437438
43944O
441442
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446447
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452453
454455
456457
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460461
462463
464465
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467
468469
470
471472473
474
475
476477
478
47948O
481482
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487488
489490
491
492493
494
495
496497
498499
50O
501
5O2

742.616-801.292962.054
613.370-801.2921049.35
473.038-801.2921119.77323.067-801.2921171.86
164.905-801.2921204.18

-1.221-4-801.2921215.271332.72-774.278182.509
1296.96-774.278357.5541239.30-774.278523.535
1161.37-774.278678.848
1064.75-774.278821.890
951.059-774.278951.059821.890-774.2781064.75
678.847-774.2781161.37523.535-774.2781239.30
357.554-774.2781296.96182.509-774.2781332.72

-1.221-4-774.2781345.00
1204.18-861.292164.905
1171.86-861.292323.067
5119.77-861.292473.038IC49.35-861.292613.370
962.054-861.292742.615859.326-861.292859.326
742.616-861.292962.054613.370-861.2921049.35
473.038-861.2921119.77
323.067-861.2921171.86164.905-861.2921204.18

-1.221-4-861.2921215.271332.72-834.278182.509
1296.96-834.278357.5541239.30-834.278523.535
1161.37-834.278678.848
1064.75-834.278821.890951.059-834.278951.059
821.890-834.2781064.75
678.847-834.2781161.37
523.535-834.2781239.30
357.554-834.2781296.96182.509-834.2781332.72

-1.22!-4-834.2781345.00
457.012-901.928133.872415.816-901.912232.464
344.508-901.073344.508
457.012-961.928133.872415.816-961.912232.464
344.508-961.073344.508
232.346-901.904 415.998

133.645-901.934 456.985

0. -901.073 487.208

232.346-961.904 415.998

133.645-961.935 456.985

0. -961.073 487.208

895.316-854.129 147.151

860.941-854.129 286.742

805.931-854.129 416.906

732.155-854.129 535.775

641.480-854.129 641.480

919.030-831.030 515.094

1014.10-830.854 289.668

978.650-830.909 392.269

1044.23-830.749 151.305

841.212-830.809 636.214

750.637-829.627 750.637

895.316-914.129 147.151

860.941-914.129 286.742

805.931-914.129 416.906

732.155-914.129 535.775

641.480-914.129 641.480

919.030-891.030 515.094

1014.10-890.854 289.668

978.650-890.909 392.269

1044.23-890.749 151.305

841.212-890.809 636.214

750.637-889.627 750.637

535.775-854.129 732.155

416.906-954.129 805.931
286.742-854.130 860.941

147.151-854.130 895.316

0. -854.130 907.190

297.196-831.089 1010.48

426.963-830.902 964.048

523.024-830.789 916.167

637.778-830.658 841.139

152.358-830.898 1043.20

0. -829.627 1061.56

535.775-914.129 732.155

416.906-914.129 805.931

286.742-914.130 860.941

147.!51-914.130 895.316

0. -914.130 907.190
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532533
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572573
574
575576
577578
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580581
582583
584
585586
587
588589
590
591592
593594

297.196-891.0891010.48
426.963-890.902964.048
523.024-890.789916.167637.778-890.658841.139
152.358-890.8981043.20
0. -889.6271061.56250.471-866.401779.712
382.722-866.297724.859
132.565-866.345808.492
483.785-866.126663.170250.471-926.401779.712
382.722-926.297724.859132.565-926.345808.492
483.785-926.126663.170
780.150-866.336250.741724.303-866.377382.468
809.548-866.205132.698662.378-866.276482.942
780.150-926.336250.741
724.303-926.377382.468809.548-926.205132.698
662.378-926.276482.942

-156.641-917.69966.1717
-120.208-917.699120,208-66.1717-917.699156.641
-239.478-914.620101.166-183.779-914.620183.779
-I01,166-914.620239.478-322.228-910.256136.123
-247.282-910.256247.282
-136.123-910.256322.228-156.641-977.69966.1717
-120.208-977.699120.208
-66.1717-977.699156.641-239.478-974.620101.166
-183.779-974.620183.779-101.i66-974.620239.478
-322.228-970.256136.123
-247.282-970.256247.282
-136.123-970.256322.228-602.096-888.882165.990
-539.151-888.882315.147
-441.517-888.882441.517-315.147-888.882539.151
-165.990-888.882602.096-723.209-875,054199.380
-647.603-875.054378.539
-530.330-875.054530.330-378.539-875.054647.603
-199.380-875.054723.209
-602.096-948.882165.990-539.151-948.882315.147
-441.517-948.882441.517-315.147-948.882539.151
-165.990-948.882602.096
-723.209-935.054199.380
-647.603-935.054378.539-530.330-935.054530.330
-378.539-935.054647.603
-199.380-935.054723.209-1204.18-801.292164.905
-1171.86-801.292323.067-1119.77-801.292473.038
-1049.35-801.292613.370-962.054-801.292742.615
-859.326-801.292859.326
-742.616-801.292962.054-613.370-801.2921049.35
-473.038-801.2921119.77
-323.067-801.2921171.86-164.905-801.2921204.18
-1332.72-774.278182.509
-1296.96-774.278357.554-1239.30-774.278523.535
-1161.37-774.278678.848
-!064.75-774.278821.890-951.059-774.278951.059
-821.890-774.2781064.75
-678.847-774.2781161.37-523.535-774.2781239.30
-357.554-774.2781296.96-182.509-774.2781332.72
-1204.18-861.292164.905
-1171.86-861.292323.067-1119.77-861.292473.038
-1049.35-861.292613.370
-962.054-861.292742.615-859.326-861.292859.326
-742.616-861.292962.054
-613.370-861.2921049.35-473.038-861.2921119.77
-323.067-861.2921171.86



GRID 595GRID 596
GRID 597
GRID 598GRID 599
GRID 600
GRID 601
GRID 602GRID 603
GRID 604
GRID 605GRID 6D6
GRID 607
GRID 608

GRID 609

GRID 610

GRID 611

GRID 612

GRID 613

GRID 614

GRID 615

GRID 616

GRID 617

GRID 618

GRID 619

GRID 620

GRID 621

GRID 622

GRID 623

GRID 624

GRID 625

GRID 626

GRID 627

GRID 628

GRID 629

GRID 630

GRID 631

GRID 632

GRID 633

GRID 634

GRID 635

GRID 636

GRID 637

GRID 638

GRID 639

GRID 640

GRID 641

GRID 642

GRID 643

GRID 644

GRID 645

GRID 646

GRID 647

GRID 648

GRID 649

GRID 650

GRID 651

GRID 652

GRID 653

GRID 654

GRID 655

GRID 656

GRID 657

GRID 658

GRID 659

GRID 660

GRID 661

GRID 662

GRID 663

GRID 664

GRID 665

GRID 666

GRID 667

GRID 668

GRID 669

GRID 670

GRID 671

GRID 672

CHEXA i

_E I 22

CHEXA 2

+E 2 23

CHEXA 3

+E 3 24

CHEXA 4

*E 4 25

CPENTA 186

CHEXA 216

+E 63 178

CHEXA 217

+E 64 177

CHE×A 218

-164.905-861.292 1204.18

-1332.72-834.278 182.509

-1296.96-834.278 357.554

-1239.30-834.278 523.535

-1161.37-834.278 678.848

-1064.75-834.278 821.890

-951.059-834.278 951.059

-821.890-834.278 !064.75

-678.847-834.278 1161.37

-523.535-834.278 1239.30

-357.554-834.278 1296.96

-182.509-834.278 1332.72

-457.012-901.928 133.872

-415.816-901.912 232.464

-344.508-901.073 344.508

-457.012-961.928 133.872

-415.816-961.912 232.464

-344.508-961.073 344.508

-232.346-901.904 415.998

-133.645-901.934 456.985

-232.346-961.904 415.998

-133.645-961.935 456.985

-895.316-854.129 147.151

-860.941-854.129 286.742

-805.93!-854.129 416.906

-732.155-854.129 535.775

-641.48D-854.129 641.480

-919.030-831.030 515.094

-1014.10-83D.854 289.668

-978.650-830.909 392.269

-1044.23-830.749 151.305

-841.212-830.809 636.214

-750.637-829.627 750.637

-895.316-914.129 147.151

-860.941-914.129 286.742

-805.931-914.129 416.906

-732.155-914.129 535.775

-641.480-914.129 641.480

-919.030-891.030 515.094

-1014.10-890.854 289.668

-978.650-890.9D9 392.269

-1044.23-890.749 151.305

-841.212-890.809 636.214

-750.637-889.627 750.637

-535.775-854.129 732.155

-416.906-854.129 805.931

-286.742-854.130 860.941

-147.151-854.130 895.316

-297.I96-831.089 1010.48

-426.963-830.902 964.048

-523.024-830.789 916.167

-637.778-83D.658 841.139

-152.358-83D.898 1043.20

-535.775-914.129 732.155

-416.906-914.129 805.931

-286.742-914.130 860.941

-147.151-914.130 895.316

-297.196-891.089 1010.48

-426.963-890.902 964.048

-523.024-890.789 916.167

-637.778-890.658 841.139

-152.358-890.898 1043.20

-250.471-866.401 779.712

-382.722-866.297 724.859

-132.565-866.345 808.492

-483.785-866.126 663.170

-250.471-926.401 779.712

-382.722-926.297 724.859

-132.565-926.345 808.492

-483.785-926.126 663.170

-780.150-866.336 250.741

-724.303-866.377 382.468

-809.548-866.205 132.698

-662.378-866.276 482.942

-780.150-926.336 250.741

-724.303-926.377 382.468

-809.548-926.205 132.698

-662.378-926.276 482.942

1 1 2 7

21

i 2 3 8

22

i 3 4 9

23

! 4 5 10

24

1 127 133 132

1 41 42 174

180

1 42 43 173

178

1 43 44 175

6

7

8

9

140

176

174

173

16

17

18

19

146

55

56

57

17+E

18+E

19+E

20+E

145

56+E

57+E

58+E

1

2

3

4

63

64

65



+E 65 179CHEXA 224
+E 71 185
CHEXA 225
+E 72 186CHEXA 226
+E 73 188

CHEXA 232

+E 79 206

CHEXA 233

+E 80 207

CHEXA 234

÷E 81 208

CHEXA 235

+E 82 25

CPENTA 272

CHEXA 294

+E 141 346

CHEXA 295

+E 142 345

CHEXA 296

+E 143 347

CHEXA 302

÷E 149 353

CHEXA 303

+E 150 354

CHEXA 304

+E 151 356

CHEXA 310

+E 157 373

CHEXA 311

+E 158 374

CHEXA 312

+E 159 375

CHEXA 313

+E 160 376

CPENTA 350

CHEXA 372

+E 219 514

CHEXA 373

÷E 220 513

CHEXA 374

+E 221 515

CHEXA 380

+E 227 521

CHEXA 381

+E 228 522

CHEXA 382

÷E 229 524

CHEXA 388

+E 235 537

CHEXA 389

+E 236 538

CHEXA 390

+E 237 539

CHEXA 391

+E 238 376

CPENTA 428

CHEXA 450

+E 297 662

CHEXA 451

+E 298 661

CH£XA 452

÷E 299 663

CHEXA 458

+E 305 669

CHEXA 459

÷E 306 670

CHEXA 460

+E 307 672

PSOLID I

MAT1 II

÷M I 0.

177

! 38 39 181 183 52 53+E 71

187

1 39 40 182 181 53 54+E 72

185

1 40 41 184 182 54 55+E 73

186

1 189 193 194 190 201 205*E 79

202

I 190 194 195 191 202 206+E 80

203

i _91 195 196 192 203 207+E 81

204

l 192 !96 i0 5 204 208+E 82

2O

l 299 304 305 312 317 318

i 222 344 342 223 234 348-E 141

235

1 223 342 341 224 235 346+E 142

236

i 224 341 343 44 236 345+E 143

58

1 219 351 349 220 231 355+E 149

232

1 220 349 350 221 232 353+E 150

233

i 221 350 352 222 233 354+E 151

234

1 i 6 361 357 16 21*E 157

369

1 357 361 362 358 369 373+E 158

370

! 358 362 363 359 370 374+E 159

371

1 359 363 364 360 371 375+E 160

372

1 466 471 472 477 482 483

i 389 512 510 390 401 516+E 219

402

1 390 510 509 391 402 514+E 220

403

i 391 509 511 392 403 513+E 221

404

1 38 519 517 387 52 523÷E 227

399

I 387 517 518 388 399 521+E 228

40O

i 388 518 520 389 400 522+E 229

401

1 189 525 528 193 201 534+E 235

2O5
i 525 526 529 528 534 535+E 236

537

i 526 527 530 529 535 536+E 237

538

1 527 360 364 530 536 372+E 238

539

1 618 624 623 629 635 634

l 550 551 658 660 560 561+E 297

664

I 551 552 657 658 561 562+E 298

662

1 552 392 659 657 562 404+E 299

661

1 219 548 665 667 231 558+E 305

671

1 548 549 666 665 558 559+E 306

669

1 549 550 668 666 559 560÷E 307

670

II

90250.0 36391.1 0.24000 2.520-6 1.200-7 O. 0. +M 1

O. O.
ORIGINA_ CARDS$ALL CARDS BELOW ARE ADDED BY THE PROGRAM SUPSYS.

$CORRESPONDING TO MODIFIED ELEMENTS ARE DELETED.

$

$SUPSYS INPUT TITLE:

SPRIMARY MIRROR LATERAL AND AXIAL SUPPORTS

GRID 673 322.23-1140.26 -136.12

GRID 674 272.23-1140.26 -222.73

GRID 675 372.23-1140.26 -49.52

GRID 676 280.85 -972.44 -118.64

GRID 677 284.76 -970.26 -191.70

GRID 678 335.97 -970.26 -68.06

GRID 679 389.62 -966.09 -135.00

GRID 680 368.02 -966.08 -184.29

GRID 681 441.52-1118.88 -441.52

GRID 682 391.52-1118.88 -528.12

GRIO 683 491.52-1118.88 -354.91

GRID 684 490.33 -948.88 -378.33

GRID 685 485.92 -941.97 -485.92

GRID 686 393.01 -954.98 -393.01



GRIDGRID
GRID
GRID
GRIDGRID
GRID
GRID
GRIDGRID
GRIDGRID
GRID
GRIDGRID
GRID
GRIDGRID
GRID
GRID
GRIDGRID
GRIDGRID
GRIDGRID
GRIDGRID
GRID
GRIDGRID
GRIDGRID
GRID
GRID
GRIDGRID
GRID
GRID
GRIDGRID
GRID
GRIDGRID
GRIDGRID
GRID
GRIDGRID
GRIDGRID
GRID
GRIDGRID
GRID
GRID
GRIDGRID
GRIDGRID
GRID
GRIDGRID
GRID
GRIDGRID
GRID
GRIDGRID
GRIDGRID
GRID
GRIDGRID
GRIDGRID
GRID
GRIDGRID
GRID
GRIDGRID
GRID
GRID
GRIDGRID
GRID
GRIDGRID
GRID
GRIDGRID

687
688
689690
691
692
693694
695
696697
698
699700
7Gl
702703
704
705706
707
708709
710711
712
713

714

715

716

717

718

7]9

72(]

721

722

723

724

725

726

727

728

729

730

731

732

733

734

735

736

737

738

739

740

741

742

743

744

745

746

747

748

749

750

751

752

753

754

755

756

757

758

759

760

761

762

763

764

765

766

767

768

769

770

771

772

773

774

J75

776

777

778

378.33 -948.88 -490.33

1119.77-1031.29 -473.04

1069.77-1031.29 -559.64

1169.77-1031.29 -386.44

i145.81 -861.29 -398.05

1179.54 -847.79 -498.29

1049.21 -876.10 -432.65

1084.56 -861.29 -543.20

742.62-1031.29 -962.05

692.62-1031.29-1048.66

792.62-1031.29 -875.45

800.97 -861.29 -910.69

782.25 -847.79-1013.40

690.20 -875.97 -901.60

677.99 -861.29-1005.70

473.04-1031.29-1119.77

423.04-1031.29-1206.37

523.04-1031.29-1033.17

543.20 -861.29-1084.56

498.29 -847.79-1179.54

450.00 -876.10-1041.91

398.05 -861.29-1145.81

805.93-1084.13 -416.91

755.93-1084.13 -503.51

855.93-1084.13 -330.30

833.44 -914.13 -351.82

862.48 -902.58 -466.00

765.12 -920.25 -399.69

769.04 -914.13 -476.34

416.91-1084.13 -805.93

366.91-1084.13 -892.53

466.91-1084.13 -719.33

476.34 -914.13 -769.04

469.96 -902.46 -861.05

421.93 -902.52 -884.99

399.81 -920.21 -765.40

351.82 -914.13 -833.44

-136.12-1140.26 -322.23

-i86.12-1140.26 -408.83

-86.12-1140.26 -235.63

-191.70 -970.26 -284.76

-118.64 -972.44 -280.85

-184.23 -966.08 -369.11

-134.88 -966.10 -389.61

-68.06 -970.26 -335.97

-602.!0-1118.88 -165.99

-652.10-1118.88 -252.59

-552.10-1118.88 -79.39

-662.65 -941.97 -182.68

-570.62 -948.88 -240.57

-613.25 -948.88 -83.00

-529.55 -955.41 -149.93

T165.99-II18.88 -602.10
-215.99-1118.88 -688.70

-115.99-1118.88 -515.49

-182.68 -941.97 -662.65

-83.00 -948.88 -613.25

-240.57 -948.88 -570.62

-149.82 -955.41 -529.54

-1204.18-1031.29 -164.90

-1254.18-1031.29 -251.51

-1154.18-1031.29 -78.30

-1268.45 -847.79 -173.71

-1188.02 -861.29 -243.99

-1209.73 -861.29 -82.45

-1124.21 -876.02 -158.10

-962.05-1031.29 -742.61

-1012.05-1031.29 -829.22

-912.05-1031.29 -656.01

-1013.40 -847.79 -782.25

-910.69 -861.29 -800.97

-1005.70 -861.29 -677.99

-901.63 -876.05 -689.41

-164.90-1031.29-1204.18

-214.90-1031.29-1290.78

-114.90-1031.29-1117.58

-173.71 -847.79-1268.45

-82.45 -861.29-1209.73

-243.99 -861.29-1188.02

-158.63 -876.09-1123.69

-895.32-1084.13 -147.15

-945.32-1084.13 -233.75

-845.32-1084.13 -60.55

-969.77 -902.44 -149.23

-878.13 -914.13 -216.95

-901.25 -914.13 -73.58

-852.43 -920.17 -139.92

-641.48-1084.13 -641.48

-691.48-1084.13 -728.08

-591.48-1084.13 -554.88

-696.06 -901.88 -696.06

-588.63 -914.13 -686.82



GRID
GRIDGRID
GRID
GRIDGRID
GRID
GRID
GRIDGRID
GRID
GRIDGRID
GRIDGRID
GRID
GRIDGRID
GRID
GRIDGRID
GRIDGRID
GRID
GRIDGRID
GRID
GRIDGRID
GRID
GRIDGRID
GRID
GRIDGRID
GRIDGRID
GRID
GRID
GRIDGRID
GRIDGRID
GRID
GRIDGRID
GRiD
GRIDGRID
GRIDGRID
GRIDGRID
GRID
GRIDGRID
GRID
GRID
GRIDGRID
GRIDGRID
GRID
GRIDGRID
GRID
GRID
GRIDGRID
GRIDGRID
GRID
GRIDGRID
GRIDGRID
GRID
GRIDGRID
GRIDGRID
GRID
GRIDGRID
GRID
GRID
GRIDGRIg
GRID
GRIDGRID
GRID

779
78O
781
782783
784
785786
787
788
789790
791792
793794
795
796
797798
799
8O0801
8O2803
804
805806
8O7
8O8809
810811
812
813814
815
816817
8i8
819820
821
822923
824825
826
827828
829830
831
832833
834
835
836
837838
839840841
842
843
844
845846
847848
849
85O851
852853
854
855856
857858
859
86O861
862
863
864865
866867
868
869
87O

-585.91-924.59-585.91
-686.82-914.13-588.63-147.15-1084.13-895.32
-197.15-1084.13-981.92
-97.15-1084.13-808.71-149.75-902.51-969.26
-73.58-914.13-901.25

-216.95-914.13-878.13
-139.86-920.24-851.90322.23-1140.26136.12
272.23-1140.2649.52
372.23-1140.26222.73335.97-970.2668.06
280.85-972.44118.64389.62-966.09135.00
369.02-966.08184.29
284.76-970.26191.70602.10-1118.88165.99
552.10-1118.8879.39
652.10-1118.88252.59
662.65-941.97182.68570.62-948.88240.57
613.25-948.8883.00529.55-955.41149.93
441.52-1118.88441.52
391.52-1118.88354.91491.52-1118.88528.12
485.92-941.97485.92378.33-948.88490.33
490.33-948.88378.33
393.01-954.98393.011204.18-1031.29164.90

1154.18-1031.2978.301254.58-1031.29251.51
1268.45-847.79173.71
1188.02-861.29243.991209.73-861.2982.45
1124.21-876.02158.10
962.05-1031.29742.61
912.05-1031.29656.011012.05-!031.29829.22

1013.40-847.79782.25
910.69-861.29800.971005.70-861.29677.99
901.63-876.05689.41473.04-1031.291119.77
423.04-1031.291033.17523.04-1031.29!206.37
498.29-847.791179.54
398.05-861.291145.81543.20-861.291084.56
450.00-876.101041.91805.93-1084.13416.91
755.93-1084.13330.30
855.93-1084.13503.51862.48-902.58466.00
769.04-914.13476.34
833.44-914.13351.82
765.12-920.25399.69
416.91-1084.13805.93366.91-1084.13719.33
466.91-1084.13892.53469.96-902.46861.05
421.93-902.52884.99351.82-914.13833.44
476.34-914.13769.04
399.81-920.21765.40

-136.12-1140.26322.23-186.12-1140.26235.63
-86.12-1140.26408.83-118.64-972.44280.85
-68.06-970.26335.97

-191.70-970.26284.76-184.23-966.08369.11
-134.88-966.10389.61-165.99-1118.88602.10
-215.99-1118.88515.49
-i15.99-_i18.88688.70-240.57-948.88570.62
-182.68-941.97662.65-149.82-955.41529.54
-83.00-948.88613.25

-1119.77-1035.29473.04
-i169.77-I031.29386.44-1069.77-1031.29559.64
-1145.81-861.29398.05
-1179.54-847.79498.29-1049.21-876.10432.65
-1084.56-861.29543.20
-742.62-1031.29962.05
-792.62-1031.29875.45-692.62-1031.291048.66



GRIDGRID
GRID
GRIDGRID
GRID
GRIDGRID
GRID
GRID
GRIDGRID
GRID
GRIDGRIDGRID
GRID
GRIDGRID
GRID
GRID
GRIDGRID
GRIDGRID
GRID
GRIDGRID
GRID
GRIDGRID
GRID
GRIDGRIDGRID
GRID
GRID
GRIDGRID
GRID
GRIDGRID
GRID
GRIDGRID
GRID
GRIDGRID
GRID
GRID
GRIDGRID
GRIDGRID
GRIDGRID
GRIDGRID
GRID
GRID
GRIDGRIDGRID
GRID
GRIDGRID
GRID
GRID
GRID
GRIDGRID
GRIDGRID
GRID
GRID
GRIDGRID
GRIDGRID
GRIDGRID
GRIDGRID
GRID
GRID
GRIDGRID
GRID
GRIDGRID
GRID
GRID

871
872873
874
875876
877
878879
88O
881
882883
884
885886887
888
889
890891
892
893894
895896
897
898
8999OO
901902
903904
9O5906
907
908
909910
91!
912
913914
915
916917
918919
920
921922
923924
925926
927
928
929930
931
932933934
935
936
937938
939
940
941942
943
944945
946
947948
94995O
951952
953
954955
956
957958
959
960961
962

-800.97-861.29910.69-782.25-847.791013.40
-690.20-875.97901.60
-677.99-861.29 1005.70

-164.90-1031.29 1204.!8

-214.90-1031.29 1117.58

-114.90-1031.29 1290.78

-243.99 -861.29 1188.02

-173.71 -847.79 1268.45
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CH£XA 354 1 136
*E 201 429 484 0
+E354B 0 0 0
CHEXA 355 1 473÷E 202 430 482 0
+E355B 0 0 816
CHEXA 328 1 408_E 175 445 433 0
+E328B 0 0 0
CHEXA 329 l 409*E 176 446 434 0
-E 329B C 0 820CHEXA 359 l 470
*E 205 433 485 0÷E358B C 0 C
CHEXA 359 1 474
÷E 206 434 486 0

÷£ 359B 0 0 823

CH&XA 332 1 412

÷E 179 449 437 0

+E 332B 0 0 0

CHEXA 333 1 413

+E 180 450 438 0

_E 333B 0 0 827

CHKXA 368 1 494
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CHEXA 369 1 493
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CHEXA 351 1 466
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CHEXA 385 1 517
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÷E 385B 0 0 0
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CHEXA 420 1 532
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+E 247 562 561 0
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CHEXA 404 1 564
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+E434B 0 0 0 866CHEXA 435 ! 624 622
÷E 282 588 587 0 0

_E 435B 0 0 0 0

C_EXA 408 1 568 569

_E 255 602 601 0 0

*E 408B 0 0 871 872

CHEXA 409 l 569 570

+E 256 603 602 0 0

+E 409B 0 0 874 0

CHEXA 444 1 627 646

÷E 291 591 59G 0 0

+E 444B C 0 0 873

CHEXA 445 l 646 645

_E 292 592 591 0 0

+E 445B 0 0 0 0

CHEXA 412 1 572 573

+E 259 606 605 0 0

*E 412B 0 0 878 879

CHEXA 413 1 573 416

÷E 260 452 606 0 0

*E 413B O 0 881 0

CHEXA 448 1 643 647

+E 295 595 594 0 0

_i 448B O C C 880

CHEXA 449 647 497

+E 296 440 595 0 0

*E 449B C 0 0 0

CHEXA 426 1 297 617

+E 273 636 321 0 0

+E 426B O O 885 886

CHEXA 427 1 617 618

*E 274 634 636 0 0

+E 427B 0 0 888 0

CHEXA 461 1 219 667

+E 308 628 310 0 0

+E 461B 0 O 0 887

CHEXA 462 1 667 665

+E 309 629 628 0 0

÷£ 462B 0 0 0 0

CHEXA 431 l 620 621

÷E 278 638 637 0 0

+E 431B 0 0 892 893

CHEXA 438 1 621 639

*E 285 655 638 0 0

+E 438B 0 0 894 0

CHEXA 453 1 550 660

*E 300 648 632 0 0

+E 453B 0 0 0 0

CHEXA 465 1 668 550

+E 312 632 631 0 0

+E 465B $ 0 0 895

CHEXA 442 1 641 642

+E 289 656 652 0 0

÷E 442B 0 0 899 900

CHEXA 443 1 642 491

+E 290 508 656 0 0

+E 443B 0 0 902 0

CHEXA 456 1 657 659

+E 303 651 650 0 0

÷E 456B 0 0 0 90i

CHEXA 457 1 659 392

÷E 304 502 651 0 0

+E 4578 0 0 0 0

CHEXA q i 8 9

+E 7 29 28 0 0

+E 7B 3 0 0 906

CHEXA 8 l 9 i0

+E 8 30 29 0 0

+E 8B 0 0 0 0

CHEXA 159 1 13 14

_E 33 122 118 0 0

+E 159B 0 0 908 909

CPENTA 160 1 14 120

÷£ 160A 0 0 0 0

+E 160B 909
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+E 161B 0 0 907 0

CHEXA 25 1 31 32
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CHEXA 26 1 32 33

+E I0 54 53 0 0

÷E 26B 0 0 917 0

CHEXA 156 1 113 Iii
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÷E 156B 0 0 0 916
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CHEXA 29 1 35 36
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0 0 0

0 872
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428 584 595
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0 879
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0 0 0
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647 643 650
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0 900
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0 0 0
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0 0 0
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0 0 0
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0 0 910
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0 0 0
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0 0 0

0 915
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0 0 0
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0 0 0
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+E 13 57 56
+E 298 0 0

CHEXA 30 1

+E 14 58 57

÷E 308 0 0

CHEXA 163 1

*E 37 50 49

+E 1638 0 0

CHEXA 164 1

+E 38 51 50

+E 164B 0 0

CHEXA 141 1

*E 15 99 98

÷g 1418 0 0

CHE×A 142 1

+E 16 I00 99

+E 1428 0 0

CHEXA 190 1

+E 45 86 85

+E 190B 0 0

CHEXA 191 1

+E 46 87 86

+E 191B 0 0

CHEXA 145 1

*E 19 103 102

+E 145B 0 0

CHEXA 146 1

+E 20 104 103

÷E 1468 0 0

CHEXA 194 i

tE 49 90 89

+E 194B 0 0

CHEXA 195 !

+E 50 91 90

+E 1958 0 G

CHEXA 151 I

÷E 25 109 108

_E 151B 3 0

CHEXA 152 l

+E 26 i!0 i09

+E 1528 0 0

CHEXA 206 i

+E 61 96 95

+E 2068 0 0

CHEXA 207 1

+E 62 97 96

+E 2078 0 0

CHEXA 184 1

*E 39 147 149

+E 184B 0 0

CHEXA 185 I

+E 40 145 147

+E !858 O 0

CHEXA 227 ! "

+E 74 139 138

+E 2278 0 0

CHEXA 228 i

+E 75 140 139

+E 2288 0 0

CHEXA 189 1

+E 44 150 148

+E 1898 0 0

CHEXA 196 1

*E 51 !70 150

+E 1968 0 0

CHEXA 219 1

+E 66 162 143

+E 2198 0 0

CHEXA 231 1

+E 78 143 142

+E 2318 0 0

CHE×A 200 1

+E 55 171 167

_E 200B 0 0

CHEXA 201 I
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+E 2018 0 0

CHEXA 222 1

+E 69 165 164

+E 222B 0 0

CHEXA 223 1
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+E 2238 0 0

CHEXA 236 1

+E 83 210 206

+E 2368 0 0

CHEXA 237 I
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59 60 73 72 85

0 0 0 0 0

928 929
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0 0 0 0 0

0 951 949
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0 0 0 0 0

956 957
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0 0 958 959
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0 0 0 0 0
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173 175 154 153 177

0 0 0 0 0

0 965 963
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0 0 966 965
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0 970 971
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971 974
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0 0 0 0 0

0 0 972 970
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*£ 259B
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+E 242B

CHEXA
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CHEXA

÷E Ii0
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*E 114
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+E 343B 1024

CHEXA 344 1

*E 191 464 380

+E 3448 0 0

CHEXA 322 1
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+E 3228 0 0

CH£XA 323 1
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CHEXA 346 1
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*E 346B 0 0

CHEXA 347 1
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1-0.57735

2-1.15470

1-0.57735

2-1.15470

1-0.57735

2-1.15470

1-0.57735

2-1.15470

1-0.57735

2-1.15470

1-0.57735

2-1.15470

1-0.57735

2-1.15470

1-0.57735

2-1.15470

1-0.57735

2-1.15470

1-0.57735

2-1.15470

2 1.00000

2 1.00000

2 1.00000

2 1.00000

2 1.00000

2 1.00000

2 1.00000

2 1.00000

2 1.00000

2 1.00000

2 1.00000

2 1.00000

2 1.00000

2 1.00000

2 1.00000

2 1.00000

2 1.00000

2 1.00000

2 1.00000

2 1.00000

2 1.00000

2 1.00000

2 1.00000

2 1.00000

2 1.00000

2 1.00000

2 1.00000

2 1.00000

2 1.00000

2 1.00000

2 1.00000

5

÷MPC 83

+MPC 84

+MPC 85

+MPC 86

+MPC 87

+MPC 88

+MPC 89

÷MPC 90

+MPC 91

+MPC 92

+MPC 93

+MPC 94

+MPC 95

+MPC 96

+MPC 97

+MPC 98

+MPC 99

÷MPC I00

+MPC I01

*MPC 102

+MPC 103

+MPC 104

+MPC 105

+MPC 106

+MPC 107

+MPC 108

+MPC 109

+MPC ii0

+MPC III

+MPC 112

+MPC 113

+MPC 114

+MPC 115

+MPC 116

+MPC 117

+MPC 118

+MPC 119

+MPC 120

÷MPC 121

+MPC 122

+MPC 123

+MPC 124

*MPC 125

+MPC 126

+MPC 127

+MPC 128

+MPC 129

+MPC 130

+MPC 131

+MPC 132

+MPC 133

+MPC 134

+MPC 135

+MPC 136

+MPC 137

+MPC 138

+MPC 139

+MPC 140

+MPC 141

+MPC 142

+MPC 143

+MPC 144

+MPC 145

+MPC 146

+MPC 147

÷MPC 148

+MPC 149

+MPC 150

÷MPC 151

+MPC 152

+MPC 153

+MPC 154

+MPC 155

+MPC 156

6.3 NASTRAN Output



1

PAGE 1

O N A S T R A N

0

MSC/NASTRAN "*

_RSION - 65C " "

NOV 24, 1987 • *

CRAYRESEAXCHINC. **

_DEL CRAY X-_ * "

UNICOS * *

GH5P * "

SEPTEMBER 16,1992 _C/N_T_NII/24/87

EXECUTIVE CONTROL DECK ECHO

:O 3OEIA TA ASSEMBLY MODEL

SOL 24

TIME 5,

$ RF24DSI fOR OPS: RF2434: FOR SORT STRESS OUTPUT{REF NUMOUT OR BIGGER)

$ RV24D74 FOR INTERNAL RESEQUENCING (REF NEWSEQ)

$ RF24D24 FOR CONTP_AINT FORCES FROM MPCS AND RBES

$ USE ONLY RF24D24 AND RF24DSI

RE_d) 9

$ OUTPUT: CONSTRAINT FORCES - _GI

$ NODAL DISPLACEMENTS - OUGVI

$ ELEMENT STRESSES - DES1

$ ELEMENT FORCES - OEFI

$ GRID POINT STRESSES - OGSI

$

ALTER I76 $

$OUTPUT2 ,OUGVI,OESI.OEFI,OGSI//-I/II $

OUTPUT2 ,OUGV1,OESL,//-I/II $

CEND

i STATIC MODEL

PAGE 2

FINE MESH. 64 SUPPORTS

0

0

CARD

COUNT

SEPTEMBER 16, 1992 MSC/NASTRAN 11/24/87

CASE CONTROL DECK ECHO

1 TITLE=STATIC MODEL

2 ECHO=SORTtMATI,MAT2,MAT9, PARAM,PSOLID,PSHELL, SUPORT, SPCI.

3 RBE2.RBE3,CELA.S2,RBAR. LOAD.GRAV, FORCE]

4 SPCFORCES(SORTI) =ALL

5 DISPL(PLOT)=ALL

6 SELSTRESS(PLOT)=ALL

GPSTRESS(PLOTI= ALL

8 SUBTITLE-FINE MESH, 64 SUPPORTS

9 $ X-AXIS pARALLEL TO A.B. SHAFT, ROLL AXIS OF THE AIRCR_T

10 $ THE MIRROR IS TO BE TILT ABOUT X-AXIS

Ii SUBCASE = 1

lABEL =0 DEGREE ELEVATION, GI*SIN(0) * G2•COS{0)12

13 SPC = 1

14 MPC = I001

15 LOAD = 210

16 SUBCASE = 2

17 LABEL =20 DEGREE ELEVATION. GI*SIN(2O) + G2"COS(20)

18 SPC = 1

19 MPC = i001

20 LOAD = 220

21 SUBCASE = 3

22 LABEL =40 DEGREE ELEVATION. GI•SIN(40) - G2*COS(40)

23 SPC = 1

24 MPC = I001

25 LOAD = 230

26 SUBCASE = 4

27 LABEL =60 DEGREE ELEVATION, GI*SIN(601 + G2"COS(60)

28 SPC = 1

29 MPC = i001

30 LOAD ffi 240 ,

31 SUBCASE = 5

32 LABEL =90 DEGREE EVEVATION. GI*SIN{90) + G2*COS[90]

33 SPC = 1

34 MPC = 1OOl

35 LOAD = 250

36 OUTPUT(PLOT)

39 CSCALE=4.0

38 PLOTTER NASTRAN

39 PAPER SIZE 105 X 80

40 SET I = ALL

41 AXES Z,X,Y

42 VIEW 0,,0.,0.

43 PTITLE= GEOM PLOT. XY VIEW

44 PLOT SET 1

45 AXES X,Z,Y

46 VIEW O.,O.,O.

47 PTITLE = GEOM PLOT, ZY VIEW



1 STATICMODELPAGE]

48 PLOTSETl49 AXESY,X,Z50 VIEW0.,0.,0.

FINEM_SH,64SUPPORTS

CARD

COUNT

51

52

53

54

55

56

57

58

59

6C

61

62

63

64

65

66

67

C

I STATIC MODEL

PACE 4

FINE MESH, 64 SUPPORTS

0

0

CARD

COUNT

889-

890

2G24

2G25

2C26-

2027-

2028-

2029-

2030-

2!93-

2194-

2195-

2196-

2197-

2518-

CASE CONTROL

O TOTAL

SEPTEMBER 16, 1992 MSC/NASTBAN 11/24/87

DECK ECHO

PTITLE= GEOM PLOT, XZ VIEW

PLOT SET i

AXES Z,X,Y

VIEW 0.,0.,0.

MAXIMUM DEFOBJ_ATION 4D

FIND SCALE, ORIGIN l, SET i

PTITLE_ DEFORM PLOT, XY PLANE

PLOT STATIC O, SET !

OUTPUT(POST)

SET i = ALL

VOLUME i SET 1

5"SOF!ATAI MODEL: SOFIA TA ASSEMBLY, SPCI AT AB CELAS END POINTS

*STATIC ANALYSIS - WTS VERIFICATION (LSC/ARC 19 MAR, 1991)

$

BEGIN BULK

INPUT BULK DATA CARD COUNT = 2537

SORTED BULK

,0 3 .. 4 ,, 5 . 6 ,. 7 .,9806.65 O. _i. O.

0 9806.65 0. O. -i.

i. 0. 310 I. 320

i. .342020 310 .939693 320

i. .642788 310 .766044 320

i. .866025 310 .5 320

i . I . 310 0. 320

90250.0 36391.1 0.24000 2.520-6 1.200-7 O,

0. 0.

110 452

. 1 ,. 2

GRAV 3i0

GRAV 320

LOAD 210

LOAD 220

LOAD 230

LOAD 240

LOAD 250

MLI%TI II

÷M 1 O.

PARed4 AUTOSPC YES

PAP,_ GRDPNT 0

PAR/HI K6ROT 1.0

PARAM WTMASS .O01

PSOLID 1 Ii

SPCI i 1

ENDDATA

COUNT= 2519

SEPTEMBER 16, 1992 MSC/NASTRAN 11/24/87

DATA ECHO

8 .. 9 .. I0

0. +M 1

i STATIC MODEL

PAGE 5

FINE M/LSH, 64 SUPPORTS

0

SEPTEMBER 16, 1992

MESSAGES FROM THE PLOT MODULE

MSC/NASTRAN 11/24/87

PLOTTER DATA

THE FOLLDWING PLOTS ARE FOR A NASTPLT PLOTTER

PAPER SIZE =105.0 X 80.0, PAPER TYPE = VELLUM

PEN 1 - SIZE i, BLACK

PEN 2 SIZE i, BLACK

PEN 3 - SIZE i, BLACK

PEN 4 SIZE i, BLACK

ENGINEERING DATA

ORTHOGRAPHIC PROJECTION

ROTATIONS (DEGREESI - _ = 0.00, BETA = 0.00, ALPHA -

SCALE (OBJECT-TO-pLOT SIZE) = 3.689219E-02

ORIGIN O X0 = -4.962000E*01, Y0 = -_.327714E_

0.O0, AXES = *Z,*X,÷Y, SYMMETRIC

(INCHES)

LIST OF PLOTS

PLOT i UNDEFORMED SHAPE

1 STATIC MODEL

PAGE 6

FINE MZ.SH. 64 SUPPDRTS

0

SEPT_BER 16, 1992 MSC/NASTRAN 11/24/87

MESSAGES FROM THE PLOT MODULE

PLOTTER DATA

THE FOLLOWING PLOTS Idle FOR A NASTPLT PLOTTER



PAPERSIZE:i05.0X 80.0, PAPER TYPE : VELLUM

PEN I - SIZE i, BLACK

PEN 2 - SIZE 1, BLACK

PEN 3 - SIZE i, BLACK

PEN 4 - SIZE i, BLACK

ENGINEERING DATA

ORTHOGRAPHIC PROJECTION

ROTATIONS (DEGREES) - GAPLMA = 0.00, BETA = O.00. ALPHA =

SCALE )OBJECT-TO-PLOT SIZE) - 3.689219E-02

ORIGIN 0 X0 - _.962000E+01, Y0 = -7.327714E+01

0,60, AXES = +X.+Z,+Y, SYMMETRIC

(INCHES)

1 i 5 T OF PLOTS

PLOT 2 UNDEFORMED SHAPE

1 STATIC MODEL

PAGE 7

FINE MESH, 64 SUPPORTS

0

SEPTEMBER 16, 1992 M_C/NASTftAN 11/24/87

MESSAGES FROM THE PLOT MODULE

PLOTTER DATA

THE FOLLOWING PLOTS ARE FOR A NASTPLT PLOTTER

PAPER SIZE =i05.C X 80.3, PAPER TYPE = VELLUM

PEN ": - SIZE _. BLACK
PEN Z SIZE _, BLACK

PEN 3 - SIZE ;., BLACK

PEN 4 - SIZE !. BLACK

ENGINEERING DATA

ORTHOGRAPHIC PROJECT ION

ROTATIONS (DEGREES} - GAMMA = 0.00. BETA = 0.00, ALPHA =

SCALE (OBJECT-TO-PLOT SIZE) = 3,689219E-D2

ORIGIN 0 X0 = -4.962030E+31, Y0 = -_.327714E+01

LIST OF PLOTS

PLOT 3 UNDEFO RMED SHAPE

O,00, AXES = +Y,-X.+Z, SYMMETRIC

41NCHE5)

i STATIC MODEL

PAGE 8

0

9

l STATIC MODEL

RAGE 9

SEPTEMBER 16, 1992 MSC/NASTRAN ii/24187

FINE MESH, 64 SUPPORTS

OUTPUT FROM GRID POINT WEIGHT GENERATOR

REFERENCE POINT = O

M O

* 8.437091E÷02 0.000000E÷00 0.000000E+00 0,000000E+00 -i.121592E-08 7.390361E÷05 "

0,00O000E+00 8,437091E÷02 0.000000E+00 1.121592E-08 0,000000E+O0 -1.675711E-05 *

0.0000OOE+00 0.O00000E*00 8.437091E+02 -7.390961E*05 1.675711E-05 0.00OO0OE+00 *

0.000000E+00 1.121592E-08 -7.390361E+05 1.038424E+09 2.026940E-03 -2.355591E-07 *

* -I.121592E-08 0,000000E+00 1.675711E-05 2.027055E-03 7.776111E+08 -2.586633E-06 *

* 7.390361E+05 -I,675711E-05 0.000000E÷00 -4.638423E-08 -2.237357E-06 1.038395E+09 *

S

• 1.00O000E+00 0. 000000E+30 0.00000OK+00 •

* 0.00000OK+00 1. OO0000E+00 0.000000E+00 "

• 0. O000OOE+O0 O. O00000E+O0 i .O00OOOE+O0 *

O I RECT ION

MASS AXIS SYSTEM (S} MASS X-C.G. Y-C.G. Z-C.G.

X 8,437091E+02 0. 000000E+00 -8 ,? 59371E÷02 -I, 329358E-Ii

y 8.437091E÷02 -1.986124E-08 0. 000000E÷0D -I. 329358E-II

Z 8.437091E+02 - 1,986124E-08 -8.759371E+OZ O.O00000E+O0

I(S)

• 3.910752E+08 -1.670512E-02 2.355591E-07 *

* -1.670512E-02 7,776111E+08 -7.237835E-06 *

• 2.355591E-37 -7.237835E-06 3.910459E+08 "

I (Ol

• 3.910752E+08 •

7 . 77611 IE+08

• 3 .910459E+08 *

Q

* 1.000OOOE+O0 0. 000000E+O0 0. O00000E+O0 *

• 0.000000E÷O0 i . OOO000E+O0 0,000000E+00 "

• O.O00000E÷O0 O. O00000E+O0 1.000000E÷O0 "

SEPTEMBER 16, 1992 MSC/NASTRAN 11/24/89



FINEMESH.64SUPPORTS0

0''"USERINFORM_T!ONM_BBAGE4158---STATISTICS FOR SYM_'LETRIC DECOMPOSITION OF DATA BLOCK KLL FOLLOW

M_Ir4JM RATIO OF MATR[X DIAGONAL TO FACTOR DIAGONA/_ = 5.1E-03 AT ROW NUMBER 2321

0''* USER INFORMATION MESSAGE 5293 FOR DATA BLOCK KLL

LOAD SEQ. NO. EPSILON EXTERNAIL WORK

ASTERISKS

i -6.33fli160E-10 2.9931169E-02

2 -1.4487788E-09 4,1780f140E-02

3 -2,055!065E-09 7.2096719E-02

4 -2,2585581E-09 1.0669348E-01

5 2.2568597E-09 1,325603@E-01

EPSILONS LARGER THAN 0.001 AJ_E FL_GED WITH

0"'* USER INFORMATION MESSAGE *""'. THE LABEL IS XXXXXXXX FOR FORTR_ UNIT Ii

(M_II_JM SIZE OF FORTI_ RECORDS WRITTEN = 7 WORDS .)

(NUMBER OF FORTRAN RECORDS WRITTEN = 8 RECORDS.)

(TOTAL DATA WRITTEN FOR TAPE LABEL = 17 WORDS.)

0''* USER [NFORMATI3N ME.SSAGE 4!14, DATA BLOCK OUGVI WRITTEN ON FORTR_NUNIT Ii, TRL =
i01 0 45280 0

O

(M._XIMUM POSSIBLE FORTRAN RECORD SIZE = 9218 WORDS.)

(Mu_3(IML'M SIZE OF FORTRAN RECORDS WRITTEN = 9056 WORDS.)

(N_M_E0 OF FORTRAN RECORDS WRITTEN = 64 RECORDS,)

(TOT;_J_ DATA WRITTEN FOR DATA BLOCK = 46077 WORDS,)

i STATIC MODEL SEPTE_MBER 16, 1992 MSCINASTRAN !i124187

PAGE I 0

FINE MESH, 64 SUPPORTS SUBC.A.SE = 1

O O DEGREE ELEVATION, GI'SIN(0) * G2"COS(0)

FORCES OF SINGLE-POINT CONSTRAINT

POINT ID. TYPE T1 T2 T3 RI R2 R3

ii0 G 2.056738E-06 0,0 O.O 0,0 0,0 O,O

452 G -i .893578E-06 0.0 0.0 0.0 0,0 ft.0

l STATIC MODEL SFZTF24BER 16, 1992 M.SC/NASTRAN 11/24/87

PAGE ii

FINE M_SH, 64 SUPPORTS SUBCA.SE = 2

0 20 DEGREE ELEVATION, GI*SIN(20) + G2*COS(20)

FORCES OF SINGLE-POINT CONSTRAINT

POINT ID, TYPE TI T2 T3 RI R2 R3

110 G 4.095441E-06 0.O 0,O 0,0 0,0 0.0

452 G 3.8612'3E 06 (],0 O,0 0.0 0,0 0.0

I STATIC MODEL SEPTE._ER 16. 1992 MBC/NA_STRAN 11/24/87

PAGE 12

FINE MESH, 64 SUPPORTS SUBC_%SE = 9

0 40 DEGREE ELEVATION, Of'SIN(40) * G2"COS(40)

F O 0 C E S OF SINGLE POINT CONSTRAINT

POINT ID. TYPE TI T2 T3 BI R2 R3

If0 G 9.353803E-06 0,0 0.0 0,O 0.0 0.0

452 G 9.150174E-06 0,0 0,0 O,0 0,O 0,0

i STATIC MODEL SEPTEMBER 16, 1992 MSC/NASTRAN 11/24/87

PAGE 13

FINE MESH, 64 SUPPORTS SUBCASE = 4

0 60 _EGREE ELEVATION, $1"SIN(6D) - G2*COS{60)

FORCES OF SINGLE-POINT CONSTRAINT

POINT ID, TYPE TI T2 T3 R1 R2 R3

II0 G I 423558E-05 0.0 0.0 0.0 0.0 0.0

452 G i .333558E-05 0,0 0.0 0.0 0,0 0.0

1 STATIC MODEL SEPTF24BER 16, 1992 MBC/N_.$T_N 11/24/87

PAGE 14

FINE _ESH. 64 SUPPORTS SUBClaSS = 5

0 90 DEGREE EVEVATION, Of'SIN(901 _ G2*COS(901

FORCES OF SINGLE POINT CONSTRAINT

POINT ID. TYPE TI T2 T3 RI R2 R3

llO G i. 762526E-05 0,0 0,0 0.0 0.0 0,0

452 G 1.649185E-05 0.0 O.O 0,0 0.0 0,0

l STATIC MODEL SEPTF24BER 16, 1992 MBC/NA.STRAN ii/24/87

PAGE 15

FINE MESH, 64 SUPPORTS

0

i STATIC MODEL

PAGE 16

FINE MESH, 64 SUPPORTS

0

SEPTEMBER 16, 1992 MEC/NA.STBAN 11/24/87

MBSSAGES FROM THE PLOT MODULE

PLOTTER DATA



THEFOLLOWINGPLOTSAREFORANASTPLTPLOTTER
PAPERSIZE=135.0X80,0.PAPERTYPE- VELLUM

PEN! - 51ZE!, BLACKPEN2- SIZEl, BLACKPEN3- SIZEi, BLACKPEN4 - SIZE i, BLACK

ENGINEERING D A T A

ORTHOGRARB IC PROJECTION

ROTATIONS IDEGREE5) - G;_4MA = 0.00, BETA = 0.00, _PHA =

SCALE (OBJECT-TO-PLOT SIZE) = 3.508494E-02

ORIGIN 0 X0 = -4.962000E+01, Y0 = -6.850603E*01

ORIGIN 1 X0 = -4.962000E*01, YB = -7.169400E+01

L I S T O Y PLOTS

PLOT 4 STATIC DEFORM. i - SUBCASE 210 - LOAD

PLCT 5 STATIC DEFOe. 2 - SUBCASE 220 - LOA/3

PLOT 6 STATIC DEFORM. 3 - SUBCASE 230 - I_DA/3

PLOT 7 STATIC DEFO_/4. 4 - SUBCASE 240 - LO_/_

PLOT 8 STATIC DEFORM. 5 - 5UBCASE 250 - LOAD

0.08, AXES = *Z,÷X,+Y, SY_i_tETRIC

(INCHES)

(INCHES)

• * " END OF JOB " " "

.......... pms. f04 .........

M B C / N A S T R A N C R A Y EXECUTION

DAY TItlE ELAPSED I/O SEC CPU SEC M_SDULE

=== BEGIN LINK 1 ===

I I : 11 : 53 G : DO SEMI BEGNXSOR

11:1!:53 0:0C

i1:12:01 0:02

11:12:03 0:03

-== BEGIN LINK 2 -==

i[:12:06 0:C0

[;:12:06 0:00

ii:12:06 0:00

iI;12:06 0:00

ii:12:06 3;00

11:12:06 0:00

11:12:06 D:00

11;12:11 0:02

ii:12:11 0:02

1i:12:12 0:32

11:12:12 0:02

=== BEGIN LINK 9 ===

11:12:13 0:03

11:12:32 0:09

II:12:32 0:09

11:12:53 0:12

Ii:12:53 0;12

11:12:58 0:14

=== BEGIN LINK 2 ===

II:12:58 0:14 2.955

Ii:12:58 0:14 3,005

3.045

3.405

3.440

3.570

3.625

4.030

=== BEGIN LINK 4 ===

II:12:58 0:14

=== BEGIN LINK 14 ===

Ii:13:02 0:15

=== BEGIN LINK 4 ===

ii:13:03 0:15

ii:13:07 0:16

11:13:07 0:16

ii:13:10 0:I_

11:[3:12 0:17 4.215

11:13:12 0:19 4.275

0""* USER INFORFL%TION _SSAGE

4, PASSES= I

Ii:13:12 0:17 4.310

II;13:39 0:18 4.410

II:13:37 0:18 4 .410

11:13:38 0:ig 4.430

2.8

11:13:43

11:13:51

11:13:51

11:14:13

i_:14:13

1::14:13

ii:14:52

II:14:52

ii:14:52

ii:14:53

Ii:14:59

0:19 4.985

0:22 5_555

3:22 5.555

0:26 6.360

0:26 6.360

3:26 6.360

3:35 7.515

5:35 7.515

0:35 _.515

0:35 7.540

0:37 B_280

=== BEGIN LINK 9 ===

ii:14;59 0:37 8.330

0"*" USER INFOR_t%TION ._LF.SSAGE

MATRIX SIZE =

ADDITIONAL ME/_ORY =-594850 WORDS

ACTIVE COLUMNS = 886 MAX

SUMMARY

0,000 C.000

0.070 0.132 XSOR

0.275 2.199 IFP

0,470 3.167 XGPl

0.545 3.806 9 GPl BEGN

0.685 3,907 ii GP2 BEGN

0._35 3.955 15 PLTNBDY BEGN

5.795 3.962 17 PLTSET 8EGN

0.890 4.009 17 PLTSET END

0.930 4.009 19 PRTM.SG BEGN

0.945 4.013 22 pI_DT BEGN

i.085 6.148 22 PLOT END

1.135 6.151 23 PRTMSG BEGN

1.150 6.180 26 GP3 BEGN

1.235 6l[88 28 TAI BEGN

1.680 . 6.676 31 EMG BEGN

1.930 13.395 31 F/4G END

1.990 13.400 37 F/MA BEGN

2.610 16.096 37 FZ"L_ END

2.645 16.101 41 EMA BEGN

2.910 17.969 41 F2"%_ END

i7,981 43 ELTPRT BEGN

19.991 43 ELTPRT END

18.026 99 GPWG BEGN

18.957 80 OFP BEGN

19.002 97 GP4 BEGN

20.163 97 GP4 END

20.169 99 GPSP BEGN

20.575 102 MCEI BEGN

21.209 UDCO _ TE= 1

21.417 UDCO _ END

4234. UFBS TIE ESTIMJ%TE _ FORM G/_ ( TYPE=RSP I CPU = 4, I/O= 0,TOTA.L=

21.475 UFBS BE_N P= I

21.990 UFBS END NO

21.992 102 F_:El END

21.796 106 M_:E2 BEGN

_THOO i NT, STORAJGE I, NBR pASSES= 12. EST. CPU= 2.4, I/O= 0.3. TOT_ =

23.358 MPYA D BGN P=I2 D BG

26.161 MPYA D END 12

_TBOD 3 T , NBR pASSES= I, EST. CPU" 5.3, I/O= 1.0, TOTAL= 6.4

26.165 MPYA D BGN P=I D BG

30.319 _YA D PASS= i

30,320 FLDYA D END I

METHOD 3 T , NBR pASSES= i, EST. CPU= 7.0, I/O = Ii2, TOTAL= 8.2

30.324 MPYA D BGN P=l D BG

38.886 MPYA D PASS= l

38.888 M_vYA D END 1

38.889 106 _K:E2 END

38.893 110 SCEI BEGN

41.028 110 SCEI END

41.054 140 DCMP BEGN

4157---PARAMETERS FOR SYMMETRIC DECOMPOSITION OF DATA BLOCK ELL ( TYPE=RSP ) FOLLOW

2393 ROWS CPU TIME ESTIMATE = 17 SEC

PASSIVE COLU_S * 3 GROUPS

PASSIVE COLUF_4S = 697 Fh_3(



ACTIVECOLUMNS= 572RMS PASSIVECOLUMNS= 559AVGSPILL= 0GROUPSI/0TIMEESTIMATE= 4SECSPILLROWS= 0AVG NZNBSINFACTOR=1265216TERMSFACTORSTRNGLGTH= 9AVG FACTORSANDWIDTH= 1198 AVG

11:15:08 0:39 8.955 43.233 SDCO BGN TE= 17

ii;16:33 0:52 12.365 55.869 SDCO END

11:16:33 0:52 12.370 55.871 140 DCMp END

=== BEGIN LINK 5 ===

11:16:33 0:52 12.410 55.881 145 SSGI BEGN

ii:16:35 0:52 12.570 56.237 145 SSGI END

11:16:35 0:52 12.615 56.243 148 55G2 BEGN

11:16:39 0:53 12.850 56.994 148 SSG2 END

11:16:39 0;53 12.910 5_,010 155 SSG3 BEGN

0""" USER INFORMATION M_SSAGE 4153. FBS METHOD IA TIM_ ESTIMATE TO FORM ULV CPU=

PASSES= [

11:16:39 3:53 i2.915 57.016 FBS BEGN P=

1!:[6:49 0:56 16.28@ 60.060 FBS END NO

METHOD 1 NT, STORAGE i, NBR PASSES= I, EST. CPU=

2.0

11:_6:49 0:56 16.280 60.064 M2YA D BGN P=i D BG

Ii:_6:59 0:5 _ 16.625 60.575 M_YA D END ]

11:16:59 0:5_ 16.670 60.729 155 SSG3 END

=== BEGIN LINK _ ===

I[:17:00 0:5_ 16,730 60.749 160 SDRI BEGN

11:17:03 3:58 17.085 61.760 160 SDRI END

=== BEGIN LINK i3 ===

11:11:03 3:5@ 17.155 61.784 176 BDR2 BEGN

11:17:03 0:58 I?.365 62.136 176 SDR2 END

=== BEGIN LINK 14 ===

Ii;13:04 0:58 17.450 62.146 176 OUTPUT2 BEGN

ii:17:04 0:58 17.515 62.162 I85 OFP BEGN

II:17:04 0:58 17.640 62.368 186 SDRX BEGN

ii:17:04 0:58 17.680 62.374 188 OFP BEGN

=== BEGIN LINK 13 ===

ii:17:04 0:56 17.695 62.386 189 GPFDR BEGN

=== BEGIN LINK 14 ===

!1:17:05 0:58 17.605 62.402 190 OFP BEGN

11:17:05 0:58 19.810 62.407 193 OFP BEGN

=== BEGIN LINK 2 ===

ii:17:05 0:58 !7.825 62.422 205 PLTSET BEGN

11:17:05 0:58 i7.960 62.469 206 PRTMSG BEGN

11:17:05 0:58 17.975 62.472 207 PLOT BEGN

11:17:23 1:05 18.260 69.152 207 pLOT END

i[:17:23 1:05 18.315 69.155 208 PRTMSG BEGN

=_ BEGIN LINK 13 ===

11:19:23 I:05 18.340 69.180 210 SDR2 BEGN

=== BEGIN LINK 14 ===

ii:17:23 I:05 18.420 69.198 215 OFP BEGN

ii:17:23 1:05 18.425 69.202 220 EXIT BEGN

......... pms,loq .........

s=arted at 09/16/92 11:ii:53 AM

PID=pms

MEM=I000k

SDIR=/scratcn/tmpdlr.O24950a/25014

SITE=GB5P

FOB007=pms.pch

09116192 If:If:D3 LINK ! BEGINS

*-.,, L_ser _arrz_g message 5440 "*'** n%sc/nastran wlll stop functionxng within three mont.s

please contact the macmeal-schwem_ler corporatlon for an ewtenslon to the contract.

09/[6/'92 _!:[2:06 LINK 2 BEGINS

09/16/92 11:12:13 LINK 9 BEGINS

09/16/92 [I:12:58 LINK 2 BEGINS

09/16/92 11:12:58 LINK 4 BEGINS

09/i6/92 11:i3:02 LINK 14 BEGINS

09/16/92 Ii;13:03 LINK 4 BEGINS

09/16/92 11:14:59 LINK 7 BEGINS

09/16/92 11:16:33 LINK 5 BEGINS

09/16/92 Ii:16:59 LINK 1 BEGINS

09/16/92 11:17:03 LINK 13 BEGINS

09/16/92 11:17:04 LINK 14 BEGINS

09/16/92 11:17:04 LINK 13 BEGINS

09/16/92 11:17:05 LINK 14 BEGINS

09/16/92 ii:17:05 LINK 2 BEGINS

09/16/92 11:17:23 LINK 13 BEGINS

09/16/92 11:17:23 LINK 14 BEGINS

STOP in W_P[_

flnlshed a_ 09/16/92 11:11:25 AJ4

2. I/O= 4, TOTAL= 5,

1.7, I/O= 0.3, TOT;_L=

6.4 SURFNODE

[FUNCTION SURFNODE(FILENAMEI

i/*THIS FUNCTION EXTRACTS THE NODES THAT LIE ON THE REFLECTIVE

! SUREACE OF THE SOLID ELEMENT SOFIA PRIM_AY MIRROR M_DEL.

[ THESE NODES ARE THEN WRITTEN TO AN ASCII FILE THAT WILL

[ BECOME ONE OF THE INPUT FILES FOB THE NAS2FR PROGRAM.'/

I/'VARIABLE DECLARATIONS*/

:RF_L XYZ(3).RAOCURV, NODERAD, XCENTER, YCENTER, ZCENTER,RADTOL

:INTEGER NODE,CONDEN,NODOF, CONFIG, COORDF,SPCF(6),STATUS,NODEM_%X'@

j NODEIN(700),NODEINCOUNT, WRITECOUNT_I,FID, NODEREbIAIN

!STRING ?ypE_I].FILENA/4E[31]

i/*INPUT CONSTANTS'/

[RA_JCURV=6220.

:XCENTER=O.

:YCENTER_5300



ZCKNTER=0.

!RADTOL=10.

I/,/_LCAgRIT_MIC CONSTANTS_/

INODE=0

:NODEINCOUNT=D

NODEMAX=?00

:£ID=10

!_''BEC:N ALGORITHM*/

_£[F:LEN_ME=="") T_EN

F[O CPENW("NAS2FR.NOD".FID)

END-IF

IFqFILENAHE:="") THEN

FIO OpENW(FILEN/h'4E.FID)

END-IF

/'EXTRACT NODES LOCATED ON SURFACE*/

WHILEINODE<NODEMAX)

_ODE=NCOE+I

DB NODE{NODE, XYZ,CON_EN,TYPE,NODOF. CONFIG,CC<)RDF.SPCF,STATUS)

iF (STATUS==O_ THEN

NDDERAD=( (XYZ(1}-XCENTER)*'2 ÷ (XYZ(2)-YCENTER)''2 @

IXYZ(3)-ZCENTER)*'2 )**0.5

i£ (MT!! _3S(NODE;_J%D -RADCURV)<RADTOL) THEN

NCDE:N_:EUNT=NCDE!NCOUNT÷[

NODEIN(NODEINCOUNT)=NODE

5N3 :F

E_D IF

: E_;2 WHILE

i/_WR_TE I_ OUTPUT FILE'/

:WR:TECC_NT=0

!/- WH:LE(_R:TEZOUNT<(NCDEINCOUNT-10))

WRITECOUNT=WRITECOUNT+I0

! FIO WRITEF(F!D,"(10IE)".NODEIN(WRITECOUNT-9:WRITECOUNT))

END-WHILE

!NODEREMJkIN=NODEINCOUNT-WRITECOUNT

[FIO WRITEF(FID,"(1015)",NODEINIWRITECOUNT+I:@

L -- WRITECOUNT+NODERKMAIN))*/

[ WI_ILE(WRITECOUNT<NODEINCOUNT)

WRITECOUNT=WRITECOUNT+10

" FIO WRITEF(FTD."(1015)".NODE[N(WRITECOUNT-g:WRITECOUNT)_

! END-WHILE

IFIO CLOSE(rID)

_END-FUNCTION

6.5 NAS2FR

C234567890c234567890c234567890c234567890¢234567890c234567890c23456789012

C

C M_IN PROGRAM

pROGRAM NAS2FR

C

C Purpose: to reao NASTRAN input deck, user xnput seguencec of

C selected and user speclfzed initial _ay. to calculate three unlt

C vectors of each selected optlcal elements, the hlt coordlna_es of

C each glven incident ray and the reflected ray, and to contxnute

the process Jntll all the reflected rays are computed for each

given incldent ray, and to loop _hrough the same process for each

C optlcal surfaces/elements.

C

C Subroutines:

C fzo name: specl fy/open the xnpu_/output file names to be

C used. flI=NASTRAN input file. f31=output tell.rays

C

_mpi_ckt zn_eqef (a-z_

:ea_ ×yz

_a=a nill0000"O/,wyz/30c00_0"/

co_monf_asgdlnkllOOOOl,xyz13,iOOOO),cordt36),crld(2,5),cd°f(90001'

& ncra,_q /nasel/nt,nq,np, nh.e314.5000l,e4{5.5000),e6(7,5000),

& e8(9,5000)

common Iselg/noeg.tno, ldg(10l,sgn{500)

COMMON /BLNKIN/SCTIT(20,2001.NOTBLNK

call lid name

call nasal

call chknasln

CALL READGD

call selgd

call chksgn

call xyz_ab

CALL XYZBIN

CALL DEFTAB

close (31)

CLOSE (28)

C CLOSE (21)

close {22)

close (Ii)

s_op

end

C

suDrOUtlne flo name

C specify/open the lnpu_/ou_put file names tO be used. Max length

C of file name ls 32 characters including directories.

flI=NASTKAN inpuz file

C f3l=o_put file o f reflected rays for PATRAN graphlc vlewlng

C F28=OUTPUT BINARY FILE OF GRID GEOMETRY FOR FRINGE INPUT

C F21=OUTPUT BINARY rILE OF GRID DEFLECTIONS FOR FRINGE INPUT

character.32 fll,f31,E28,F21, f99



COMMON /FIO/F_

wr_e(8,'l 'Enser one NASTRAN lnpu_ file name:
write(6, • ) "aefaul_ NAS2FR.BDV '

read(5, 'la?2)') fll

lf(_nc_x(fii,' ').le.O) fl_=_NAS2F_.BDF '

wr_teq6,') '£n_er _he NAS2FR output f_ie name:

wr_te(6,*) 'default NAS2FR.OUT '
read(5, '(a_2)') f31

C wr_e(6, _) ' _n_exlf31,'' "'1 = ',in_exlf31,' _)

_f(index(_31,' ').le.l) THEN

f31='NAS2FR.OUT'

C V28='NAS2FR.GEO'
C F21='NAS2FR.DEF'

END IF
_FIINDE×(F3!.+.').BQ.01 THEN

F31=F3111:(I_DE×(F]I,' ")-l))//_.OUT'
C E28=_3iII:Ii_DEXIF31.' ')-I_)//'.GEO'

C F21=F]l(_:IINDEX(V31,' ')-1))// _.DEF'

BND _F
C !F(_NDB×(V31,'.').GT.0) THEN

C _28=F31(I:q[NDB×IV3_, '.'))-I)//_-GBO'
C F21=F31(I:q!NDE×qF3_,'.'))-I)//'.DEV'

C END IF

WR_TEt6, I ) 'Enter the FRINGE georme_ry input f_ie name:

WR[T_(6, _) 'defaul_ NAS2FR28.DAT'

READ(5, '(A72)') V28
IF_!N_EX(_2_,' ').L£._) THEN

F28='NAS2F_28.0AT'

END IF

[F(INDE×I_28,_.')_BQ.0) THBN
_8=_28(l:{INDEX(F28,' +)-l))//'28.DAT'

5ND IF

C W_ITB(6,_I '£n_r _he _RING£ deflection lnpu_ file name:
C WRIT_(6,') '_efaul_ NAS2FR.D£F '

C RF_AD(5, '(A_2)') _21

C ZFtZND_×_F21,' ')_LE,1) THBN

C _21='NAS_VR.DBF'
C 5ND IF

C IF(IND_×(_21,'.'I.BQ.0) THEN
C _21=F2111:IINDEXlE21,' ')-I))//'.DEV'

C BND IF

open(_=31,_!e=_31ql:±ndex(f31,' 'l).statu_='NEW', err=9002.
form='forma_ed')

OPBNqUNIT=28.EILB=V28(I:INDBXIF28, _ ')I,STATUS='NBW'.BRR=9003,
FORM='UNFOP_TT_D'_

OpEN(UNIT=21,FILB=V21(I:IND£×KE21,' ')),STATUS ='NE_',_RR=9004.
_ _ FORM='UNFO_NATT_9')

ga_o 101
9001 _r_e(6.11 " _ERRO_ _ _p_c file name(fl!): '.f!l{_:_nde×(fll.' '))

go to _09
9002 wr_e(6.'l • "5_OR" o_put file nar_(f31):',f31(1:_ndexlf31.' '))

GO TO 109

9003 wrl_el6.*) ' _RROR t outpu_ f_le nar_If28):', f2B(l:_n_ex(f28. _ '))
_ TO 109

9004 wr_e(6_) ' .ERROR _ output f_le nan_(f21):'.f2111:lndex(f21. + '))

en_

C

subroutine na_df

C read NAST_AN _nput file from fll (un_ 11)

_mpllcl_ _n_eger (a-z)
character kword_4, keywd _4, card*80

real _z
dimension _wor_16_

co_o_/_a_g_/,l(lO000_.xyz(3. 100001.cord(36).crid(2. 51.cdof(9000).
_crd. ng /nasel/_.nq.np. nh.e3(4.5000).e4(5.5000).e6(7.5000).&

_ _8(9.5000)

data kwora._eywd/'CO_D'.'GRID'.'CTRI'. 'CQUA','CPBN','CHBX',_XXXX'/

C max keyword = maxk
maxk-6
do 10! _=i.maxk

102 read(!!.Emt='(a)'.err=90011 card

_f(card(l:4)._.kwordli) .or_ oardql:l).eq.keywd(l:l)) _hen
call rcard(card. _. ke¥_l)

go _o 102
elself (cardll:3).eq.'END') _hen

go to ICl
end_f

go _o !02
101 continue

go to 600
_001 _r_te(6. _) ' _BRROR • subr nasa:If durlnq read unit _1: _

wrlte(6.'l ' C_rd: '.caudal:index(card.' '11

_top
600 return

end

C
su=_ou_n_ rcar_(kar_.n.keywd)

_mpl_clt _nteger (a-z)
c_arac_er keywd_. _ard_(').cp0(5) "2

co_o_/na_ga/_l_100_01.xyz(_.!0000).cord(36).crid(2. 5).cdof(9000).
_crd._g /_a_ei/nt.nq.np. nh._3(4.50OO).e4(5.5000)._6(7.5000).

_ e8(9.5000_

aaca _cra. ng.n_.nq, np.nh.cord/6_0.36 _0/

C
C CORD G_ID CTRI CQUA CP_N CHEX

go _o If00. ll0. _0. _30. 140. 150) n
C
C .................................................... Process CORD card

_a_ 4 local an_ one basic coordinate systen._C

i00 lfqkeywdll:l).ne.'+'l then

ncrd=ncr_÷l

_=(ncrd-l_12+l



read(kar_.fmt='(4x,a2.2x,2z8,6fS,4_',err=9002) cp0(ncrdl,

crzd(l,ncrd),cr1_(2,ncrd),(cord(]),]=_._)

keywd='.XXX'

else

read(karO,{m_='(Bx.3fB.4)',err:9002) (cord(]),j=z,k}

_eywO='XXXX'

z={ncrd-i_'12-i

call tfc0(coroIz)}

e_o_f

go zo 600

C .................................................... Procea_ GRID card

ii0 _f{kar_(_:5).eq.'GRID,') go to 9011

lf(kar_{]:5).ne.'_R_ ') go _o g0!2

rea_((ar_.[m_:'(Bx,2_B,3fS.¢,z8)') nn,cpi,(xyz(;.ng),]=l,3)

& ,cdof(rg)

cp=cp:

ni(ng)=nn

if(maxnd.lt,nn) maxnd=nn

if (cp,eq.0) go to 600

call cp_ype(cp, cp0,abs(ncrd),crld.]s)

If(cp.ne.0 .and. ncrd_ne.0) then

_f {ncrd_l_.O) go to 115

call chkcrld(ncrd, crxd. cord)

C CORD2R CORD2C CORD2S

i15 go co 1111, i12, 113) cp

I11 call tfc!{cpi.xyz(i,ng),cord(]s),crid, abs(ncrd))

go to 600

112 call _fc2(cpl,xyz(1.ng),cerd[]s),crld, abs(ncrd))

go _o 609

i13 call tfc3[cpl.xyzil.ng),cord(]s),cr_d, aPs{ncrdl)

go _o 600

else

go _o 90[3

endl[

go _o 630

C

C .................................................... Process CTRI card

i20 if(_ard(l:7).ne.'CTR[A3 '_ go to 9021

nt=nt+i

read(kard,_mt='(Sx, zS, Sx,3xS)'b (e3{],nt),]=l,4}

go =o 600

C

C .................................................... Process CQUA card

130 if(kard(l;7).ne.'COUAD4 ') go _o 9031

nq=nq+l

read(kard, fm_='(Bx,18.�x,4x8)') (e4l],nq),] =1,5)

go to 600

C

C .................................................... Process CPEN card

140 _f(kard(!:7).ne.'CPENTA ') go to 9041

mp=np*l

_ead{kard,_m_='(flx, 18, Sx_618)') (e6(],np),]=l, _ )

go zo 600

.................................................... Process CHEX card

150 _f(keywoi_:l_.ne.'*') t_en

,f(_ar_=(i:6) ne.'CHEXA '_ go to 9051

nn:rh*[

_ea_(karo. tmL='(8x,_8,8x.618)') (e8(],nh),]=i,7)

e_se

:eadW_ard,!mt='(Sx,2_8)') {ef(],nh),]=8,9)

keyw_:'XXXX'

endlf

go to 600

C

9001 wrl_e_31,2101) kard

2101 forma_ (' _ERROR: ONLY CORD2-R. C, S ARE ALLOWED. '/, 2x, A)

go to 599

9002 wrz_e(31,2102_ kard

2102 format_' _ERROR: READING THE FOLLOWING CARD:'/, 2x, A)

go _o 599

9011 wrz:e(31,2111) kard

2111 forma_(' .ERROR: FREE FORMAT IS NOT CODED'/,2x,A)

go _o 599

90_2 wrxte{31.2112} Ward

2112 format(' *ERROR: ONLY GRID IS ALLOWED IN THIS VERSION. '/,2x_a]

go £o 599

9013 wrl£eI31,2113) kard, cpl,ncrd

2113 forma_(' .ERROR: LOCAL COORD SYSTEM USED.'/_2x, A.' CP='

& ,Z3. SX,.NCRD='._3,/,9x.'CHECK CARD SEQUENCE')

go to 599

9021 wrlte(31,2121_ kard

2121 forraat[' "ERROR: ONLY CTRIA3 IS ALLOWED IN THIS VERSION. '/.2x,a)

go _o 599

9031 wrl_e(31,2131) kar_

2131 forma_(' "ERROR: ONLY CQUAD4 IS ALLOWED IN THIS VERSION. '/.2x,a)

go _o 599

9041 wrl[e{31,2!411 kard

2141 forma_(' "ERROR: ONLY CPENTA-6 IS ALLOWED IN THIS VERSION. '/.2x.a)

go _o 599

9051 wrzte(31,2151) kard

2151 format(' "ERROR: ONLY CHEXA-fl IS ALLOWED IN THIS VSRSION. '/.2x.a)

go to 599

599 stop

600 return

end

C

subroutine cptype(cp,cp0.n.crzd. 3$1

C determine whxch local coordlna_e system _nat a GRID was deflned.

C is=starting :ndex fo_ O_rectzon coslne, cord(36)

Lnteger cp,crzo(2,n}. IS

c_aracter cp0(n)'2



if (cp.eq.crld{1,_))thenzf(cpO(z).eq.'2R')cp=iiflcp0(z).eq.'2C')cp=2zficp0(z).eq.'2S')cp=3]s=(i-l)*12+lgoto600endlfenddowrz_e(31,9001_cp,(crzd(l,zi,l=l,n)9001 format('*ERROR"localcoordisnotdefined'/,2x,'cp='_i4,4x,& 'crld(l,!:',zi.')='.(:3))

6DO end

C

sab:cu=lre ch<crld(n,crld, cord)

C flnd the basic coord system of crld

C a=baslc (rld) _a_r:x, b=iocal (cld) ma£rix

znteger _,crid(2,n)

real a(3.3),bI3,3).cord(36)

do ,=l,n

do ]=i,n

if(crzd(l,_).e_.cr_d(2.])) then

wr_te{6, fm_=,(a5,:4,a44,_4),) . RiD=.,crzd(2,3) ,

& Zs referenced to another coord system, CIO='.crzd[l,i)

kl=(z-!)*12

k2=[] i)'12

C znznlallze a, b arrays for matrix multlpllcacion

do _=1,3

do 33=i,3

kl=kl+l

a(i±.]])=cord(kl)

D(iz,]]_=Coro(k2)

end do

end ao

C calc rotm-a(i:3,1:3) * rotm-b(l:3, l:3)

do ]]=1,3

do zi=_,3

k2=k2-i

cord(k2)=a(ll.[),b{l,]])+a(li,2)*b(2,]])+a(ii,3)*b{3,]_)

end do

end do

kl=(l-lJ'12+9

k2=(D-l)'i2+9

C calc transla_lonal vector, rotm-a " vector2 ÷ vectorl

do if=l,3

b(zl,l)=a(ll_l)*cord(k2+l)÷a(il_2)*cord(k2*2)

& .a(zi,]),cord_k2+3)

end do

do If=l,3

cord(k2_)=b(iz,l)+cord{kl÷il)

end do

endlf

end do

end do

C change ncrd to negatlve value for verlficatlon,n=ncrd

n=-n

en_

C

subroutzne _fc0(a)

C calc ozrectlon coslnes zn rlO coord system and store _he2n in a(l:9)

store _ransiatlonal vector in a(1O:12) for each input of cord array

real a112),rm(3,3) "

doz=_,3

a(l-9)=a{l)

end do

call form(a(1), a(4), a(7),rm)

k=0

oo]:i,3

do_:l,3

k=_-i

a(k)=rmql,_)

end do

end do

end

C

suDrou%Ine chknasln

C co prznt one flrs%/[ast of each a_rays read in sumr. nasbdf

lmpllclt integer (a z)

tea! xyz,cord

corc_on/nasgd/nl(lOOOOl,xyz(3,10000),cord(36),crid(2, 51,cdof(900O),

ncre, ng /nasel/nt,nq. np, nh,e3(4,5OOO),e4(5,SOOO),e6(7,5000),&

& e@{9,5000)

wrlte(6.'(iw,alg, i4)') ' No. of Grid, ng = '.rig

wrlte(6,'(3x,a&,i4,2(5x, a3, L4,a2,14)/)') 'nl(1) ='.nl(1),

& 'nl(',[ng*l)/2,')=',nl{(ng+l)/2),'nl(',ng,')'',ng

kk=abs{ncrd)

wrlte(_,'(a26,13,a@)') ' Dlrectlon Cosines, total ',kk,' setis):'

do _=l,kk

wr_te(6,'(/3x.a4,_2,a3,3(Sx,a,4x),lOx,a2)') 'set '+_,' : ', 'x','y'

& ,'z'.'t0'

3=(l-I)*12

do k=l,3

3]=]_k

wrz_e(6,'412x,3flO+4,Sx,flO.4)') cord(]]),cord(]]*3),cord(jj+6),

& cordl]]+9)

end do

end do

wr_e(6.+(/al3) ' ) ' Coordinates:'

wrzte(6,'(3_,all, 3fl4.4)') '_yz(l:3,1)=',(xYz(J.l),] =1'3}

wrzte(6,'(3x,a@,14,a2,3fl4.4)') 'wyz(l:3,',{ng ÷I)/2,')=',

& (xyz(],(ng+l)/2),]=l, 3 )

wrzte(6,'(3w,a@,14,a2,3fl4_4/)') 'xyz(l:],'.ng,')=',(xYz(] "ng)'_'l'3)

zf (nt.ne,0) then

wrzte(6,*) ' No, of Try-place nt = ',nt

wr_e(6,'(3x,al0,4Z6)') 'e](l;3,1)=',(e]_],l),]=l,4)

wrzte_6,'(3x,a7,14,a2,4_6/)') 'e3(l:3,',nt,')=',(e3(] ,nt),]=l'4)

endl_



if (nq._e.O) cnen

wr_te(6,*} ' No. of Quaa-pla_e nq = ',nq

wrlte{6,'{3x,aiO, 5_6)') ' e411:4.1)='.(e4(],ll,]=l,5)

wrlce{6, ' {3x, aT, 14.a2, 516/) ' ) 'e4 Ii:4, '.nq, ')=' , (e4 (].nq) , 3 =1,5)

end_f

If {rip.he.01 =hen

wrlte(6.') ' No. of Penta-Soild elem, np = '.rip

wrlte (6. ' (3x,al0, 14, 7i6) ' ) 'e6 (1:6, I) =', (e6 (9, i) , 3=i, 7}

wrlte (6, ' (3x, aT, 14, a2, 9i6/) ') 'e6 (i :6, ', np, ' )=' , (e6(], nP) • 3=1.7)

endlf

If (nh.ne.0) then

wrlce{6,*) ' No. of Hexa-Solxd elem, nh = '.nh

wr_te(6,'(3x,al0,14.916)') 'eS(l:@.l)=',(eS(],l),]=l,9)

wrl=e(6,'(3x.a7.14,a2,916/l') 'eS(l:@,',nh.')='.(eSt],nh).3 =I,9)

endlf

end

real functlon ienv(a,b.c)

length of a vector, al+b]÷ck, i,],k are unlt vectors.

rea_ a,D,c

ienv-sqrtla'a-b*D+c'c}

end

suDroutLne vb2e(vb, ve, vbe)

calc component of vector, vb4_=ve-vb: posl_lon vectors, vb & re.

Olmenslon vD(3_,ve(3), vbe (3)

dol=l.]

ube(1)=ve(1)-vb(i_

e_d do

end

@ubro_tlne axDJa,b.c)

cross product of vectors: vector a w vector b = vector c

real a{3),b(3).c(3)

c{l)=a{2)*b{3)-a(3)*b{2)

c(2)-a(3)'bIl)-ail)'b(3)

c(3)=aIl)*bI2)-a(2)*bil)

en_

suorou_ne ro_m(a.b,c, rm)

talc ro_atlonal macrlx, rm, from position vec£ors, a,b,c given

in a oaslc coord s_stem.

a Ls a[ a orgln of a local coord system,

D ac a !ocai z axis, and C and is In a local zx plan.

cm=cne _otat _onal macrlx of the coord system deflned by a,b, c,

[_, • xyz(oeflned by ado) + a = xyz(in :he basle coord system)

external ienv

real a(3).b(3},c(]),rm(3.3),irm(3),lenv

call vb2ela,b, rm(l,3)i

zal! vD2e(a.c.rm{l,l)l

call axb{rm(l,3),rm(l.[),rm(l,211

do_=l.3

[rm(_)=lenv(rm(l,l).rm(2.1).rm{3, iI)

end do

do±=[,3

do 3=I,3

rm(l.])=rm(l,])/irm(1)

end do

end do

end

subroutine 12b[rm,_v.xl.xb)

tra_sformatlon of cooro system: xb = rm • xl * _v

rm = [otatlonal matrix: tv = translational vector:

_l = ×yz in local coord system: xb = Kyz In basle coord system

Pea! rm(3.31,tv(3),xlI3),xb[3)

do]=l.3

xb(])=0.O

xb(3) = xm{]) + rm(l,]) " xl(1)

end do

xb(])=xP{])+[v(])

end do

end

subrou=ine cfcl(cpl, x.a,cr_d,n)

ca[c coordlnate _ransformaclon for CORD2_ opclon

real xI3),xpi3),rm(3.3),a(12)

integer crld(2,n).cpl

dol=_.n

if(cpl.eq.crid(l.l)) chert

3=0

do xz=l,3

do 33=1.3

]=]+i

rm()],_)=a(])

end do

end do

call 12b{rm. al]+[).x,xp)

endl[

end do

uo _=!,3

x(1)=_p(_)

e_e do

end

suDroutL_e tfc2(cpl,x,a.crld, n)

calc coorolna[e transformatlon for CORD2C opclon

real x(3),xp(3),rm(3.3),d_r,a{12)

integer cr_d(2.n),cpl

data d2r/0.0174532925/

x{2}=x(2)*d2r

xp(1)=x{l)*cos(x[2})

xp{2)=_(1)*sln(x(21)

xp{3)=x(3)

_f(cp_eq.crld(_,L)} _hen
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do zl=i, 3

do j3=1,3

3=]÷I

rm(J],ll)=a(3)

end do

end do

call 12bqrm. aqj*i),xp, x}

endif

end do

end

subroutine =fcJ(cpl, x,a,crld, n)

ca:c coord=nate transfo_matlon for CORD2S option

tea! x(3l,xp(3),:m(3.3],aLr.a(12)

Ln[eqer ,2rke(2,n},cp[

_aca O2r/O._iT_532925/

x(2) x_2}*a2r

x(3)=x(3)*_2r

xp(1)-x(i)*s[n(x(2))'cos(x(3))

xp(2)=x(1))sln(x(2))'sln(x(3))

xp(3)=x(3)*cos(x(2))

do _=l,n

zf(cpl,eq.cr_d(l,l)) then

3=0

do z_=l, 3

do j_-i,3

end do

end do

call 12b(rm, a(]÷l),xp, x)

endlf

end do

end

SUDEOU_&_e selga

select support qrlds or grlds ON an equ&valent mxrror surface from

a NASTRAN model.

_mpllclt _teger (a-z)

common /selq/noeg)cr, o, log (10),SgnqS00),NOSELGD

character stC_Ng*80

wrl_e (6,*) ' Enter _o_al no of optxcal eien_ent groups :

read(5.') noeg

IE(NOSELGD.EQ.I) C_TO 9999

NOEG=I

data tno._nop/[.i/

do z=i,noeg

wrlte (6,') ' Enter the NASTRAN support grld nos for group No.',l

WRITE(6,") 'NOSELGD=',NOSELGD

WRITi(6,') 'inter _he NASTRAN $uppor_ grid humors.'

read(5.'qa)') atrlng

call xstrng(stclng,sgn(tno),tnop)

idg(l}=tnop

tno=_no*_Nop

emd do

cno=tno-[

end

subroutine chksgn

cnecg _npu= sqn() array

_mpi_CLL _nteqer (a-z)

comron /selg/noeg,_no,&aq(iO),sgn(500)

wr_te(6,*} ' "

_fLte (6,) } ' Check _nput selec=ed grld no for each optlca[ element'

WR[T£(6,') 'Check =nput selecte_ grld nun_bers.'

]i=0

j2=_

do l=l.noeg

wrlte 16,'(/a27, _2,Sx,a22, i])') ' Optical element group no. ',l,

& 'sub-total no of grlds:',zdg(i)

_f(l._q.l) 31=I

lf(l.g_.2) ]1=zdg(l-l)÷]l

do k=]l,]2,@

wr_=eI6.'(B_6}') (sgn(k+]-l),3=l,@)

end do

end do

end

subroutlne xstrng(a,c, nl)

_mpilclt _nt_er(b-zl

character a'(*).s*13

c.., assume max StriNgs xxx_tyyyy and use comma to separate Input

c. use *,+" to continue input

dl_*enslon c(nl)

nl=0

lO lens_index(a,'. ' )

If{lens.no.0) then

s=a(l:lens-l)

call stype(s,s_ype, 3_)

else

s=a(l:indexla,' 'I-I)

call styp_(s,s_type,]t}

iens=zndex(a,' ')

endlf

c,,. with xxtyy or no from/to

c... strlng type: [ or 2 s__ype

go to ( 12. 14) s__ype

12 call cnvt(s,]t,_l)

s([:)=s(_.2:lndex(s,' '))

call cnvt(s.zndex(s.' '),x2)

ni=ni÷l

c_nl)=k

end ao

go to 20

14 call c_v_(s,_dex(s, '),_1)

ni:_i-i

OF POOR gUALITY



c(n!)=_i
20 s =_

a(l:)=a(ien3+i:indexqa,' 'I}

l_(indexIa.' ').eq.11 re_urn

ifIlndexIa.'+'_.eq.1} _ead(5_'la_ a

go _o 10
end

c
subroutlme s_ypeI$5.5__?pe._t}

c.._ ]_ chech_ for bo_h _t' and 'T' _n the _nput 5trlng
character s_It)

in_eger Zt_stVpe

_fi3t.eq0) jt=_nae×I_s,'T'_

c... assume _ _s _r_g ty_ 2. _e. w/o 't' or 'T'

s _ype=2

_I3t_ne_ s type=1
_e_rn
end

c
subroutine cmv_ss.11.12}

c li=_eng_l_1: 12=retruned _nteger
c_arac_er s_I _}

LI=IL i

L2=0

do l=L. 11
L2=12_iC_cnacIs_:_ll 48

en_ _o

e_

c

_out_ne xyz_a0
c ou_p_ a _a_le of coordinates for selected grlds

_mpl_c_t _nteger (a z_
real xVz
common/nasgd/niI10000_.xyz(3_10000_.cordI36_.cr_d(2_ 5_.cdof(g000).

nc_d. ng /selg/noeg.tno,idg(10_,_gn(5001

_mens_on n215DD_

do 3=l.ng
If4nl(_)_eq.sgnIl)l _2_=3

end do

ena _o

c

_2=G
_o _= i, noeg

C wr_e(6.'(/a27._2_Sx.a22._3)') ' Optical elemen_ group no. '_.

C _ '_ub-_o_al no of gr_ds:_,idgI±)
WRITE_6,'_/I×_AI_,I3}'I _Nun_r of grlds: '_ICX3(I_

wr_i6_i11_.a_316x,al._x}.2x, aB_'_ 'Gr_ ID'._X'_Y'. 'Z' •

'Coor_ ID'

C w_e 431_'4/a27.12.5K.a22_i3)'_ _ Optical _lem_n_ group no. ',_,

C _ '_ub-total no of grld_:'.idg(i}
_RITEI31,'(/I×,A17_I3_') _Nun_r of grids: '.IDG(1)

w=_tei31.(/Ix.aT.3(6x, al. Tx_.2x. aB) _) 'Grid ID'.'X'_'Y'.'Z'.

& _Coord 10'

wr_e(6.'llB. 3f14.6.1B}'_ _gnlk}.IxYzl].n21W)l._ _1,]_'cd°fln2(k)l
wr_eI31,'(18.3f!4_6._81'_ sgn(k).(xyz(3.n2{k)_.j_l.3_.cdofIn2(k)_

end do
ena do

end

c
SUBROUTINE XYZBIN
I_L:CIT INTEGER (A-Z_

REIkL XYZ

CH_u_ACTER_4 0UMI
common/nasg_/nl_10000_._yzI3. 10000}.cord(36_.cr_d{2. 5].cdof(g000).

herd. ng /_elg/noeg, _no. Idg (i0_ .sgn 1500)
COMf_ON/_LNK _N /SCTI T (20.200)

_mens_on _2_5C0)._UMII121

_ATA 3C_I/_2_'XXXX'/

do l=i._no

_o _=i.ng

end do

c

31s0

_f(1._q.1) 3111

_f(_.ge.2) 31_idg(i-I_÷31

_2_idgI_+32
WRITE(2$! (DUMIIJI_J=l,12_.ICX_(II

W_ITE{2$_
WRITE(2_}

WRITEI2B) {XYZII.N2IJ)}.J=JI. J2_

WRITEI2_} _XYZ_2.N21J]_.J_J1.J2)
WR_TEI28_ IXYZ_3.N2IJI_.J=JI.J2)

end do

end

23AUG91
TH_ PURPOSE OF THIS ROUTINE IS TO TRANSLATE A N_T_L_N INPUT DECK

C INTO A BINARY F_LE CONTAINING NOOAL DEFLECTIONS IN A FOR_T

C _EA_LE _Y THE PROGRAm4 _RINGE_

C
C THIS VERSION PROCESSES THE NODAL OISPI_CEMENTS ONLY.

ONLY THE GRIOS ANO EL_b4ENT$ A_ TRANSLATED. THE _SSC_IATE

C _NFORb4ATION SUCH AS CONSTRAINTS. MATERIAL, ANO PROPERTIES ARE

C NOT INCLUOE0.

C
C NI: NO0_ SEQUENCE AS IT WAS INPUT.INOT CODED)



C N2: NEW NODAL SEQUENCE AS WAS STORED IN ORIGIN_-L ORDER

C E2: TWO NODES 5LEd4ENTS(CROD, CBAR,CBEAM)

C E3: THREE NODES ELEMLNTS(CTRIA3)

C E4: FOUR NODES ELEMENTSICQUAD4)

C OTHER DETAILED INFORMATION ARE NOT TRANSLATED IN THIS VERSION.

C

C F22: NASTRAN output2 file

C MAX _2 CHARACTERS IS ALLOWED FOR A FILE N_.

C

C XYZ: COORDINATES IN THE NASTRAN BASIC COORDINATE SYSTEM. IT USES

THE NEW NOBA_ SEQUENCE, iS. MAX. 10D00 MODESC

C MS : MODE SHAPES

C

c P ROGR_ OU_42

SUBROUTIN5 DEETAB

I M2LICIT INTEGER (A-Z)

c CHAP_ACTER'?2 FII,F[2,F21, F22,F23

CH_-_ACTER'72 F22,F11

c REAL XYZ(iO000,3), MS, DR. de,max, def

reai avgdef,rmsaef, de6

c COMMON /dbp:n/n2(10OO0),db(:5),_s[100OO,6)

COMMON /dbpzn/n2(1000O).db([5)

COMMON /BUFFER/IN, ICBP,IRL

common /selg/noeg,tno, idg (10).sgnI500)

com2non /bln_in/sctl_(20,200),no_blnk

cow,non /avgzn/def(2O, i0000.6),avgdef(6),rmsdef(6),LCIN(20),

_LCMAX, LCEHD

C COMMON /F[LENM/T22

COMMON /FIO/FII

DIEIENSION GP (1000O),NAM(2),TiT),LAB(2),TIT(2OI,DBN_(5),IDB(5)

& ect(22),noaezs(EO0)

EQUIVALENCE (IGRID. ICS.DB(1)),(IGTYP, ICYL, DB(2))

equlvale_ce {_l[,tno_,(nodel_,sgn)

DATA DBN_M_/'OUGV','OPL '.'BGPD',

& 'OEOM'.'CSTM'/

DATA (1DB(:},[-2,5)/3000,4,22,14/

DATA LC, LC_/2"0/

c DATA IUN/Ii/

c DATA IOUT/23/

DATA IUN/22/

DATA lOUT/31/

da=a nnoaes.maxno<_,aefmax, ndmax.nwldth/2"0.0,0,2*0/

CALL F:LflN_t5

lO CONTINUE

DBTYP=:

CALL :OpEN_IUN, IOUT,LAB)

C WRITE(lOUT,60101 LAB

C6010 FORMAT('# USER FILE LA_ELED '.2A4.' WAS OPENED. ')

C

C ..... CALL IHEADR ONLY ONCE FOR EACH DATA BLOCK

12 CALL I READR q IUN, IOUT, RAM, T)

C

C CHECK DBNA_S

C wrzte (6. '(ix. A6, il.2x,a6)") dbnarm_(dbtyp),dbtyp,nam{l)

IF(DBN;_ME(DBTYP) .NE. NAM(1)) THEN

C wrl_e(6,*)'vaiues are not equal',nam(l_,dbname(dbtyp)

11 CALL !READ(IUN, IDUT. TIT, O,I,IWR, IRTN)

[FIIRTN.EQ,2) GO TO 12

GO TO 11

ENDIF

CC WRITE(IOUT,6O00) N_,T

CC6000 FOR/4AT('# DATA BLOCK',2A4/, _# TRAILER T=',718,' STRATED')

i01 NNODES=O

C ...... SKIP TO E×T_ACT MODEL TITLE AND SUBTITLE

NNCRD-0

CALL [READ(IUN,IOUT,TIT, 10,0,1NR, IRTN)

C zcbp=iO

_[ (zrtn.eq.2) qo Co 16

LC=LC)i

LCI=48*LC/10

LC2=4B*LC-ILC/10)'I0

IF (LCMAX.LT.LC) LCMAX=LC

C

IDB{DBTYP)=T[T(10)

CC wrlte(6,') _lt_10,Obtyp,_db(dbtyp)

CALL IREAD(IUN,[OUT,SCTIT,-40.0,IWR, IRTN)

C loop=50

CALL LABREAD(IUN. IOUT,SCTIT, 20.0,1WR, IRTN,I_.NWORD)

C ICDp =70

CALL L_R£AD(IUN, IOUT.SCTIT, 12,0,[WR. IRTN.LC,NWORD)

C icbp =8_

CALL LABRF_ADIIUN, IOUT, SCTIT. 20,0. IWR. IRTN.LC,NWORD}

C icbp=102

CALL LABREAD(IUN,IOUT, SCTIT, 12,0,1WB,IRTN. LC,NWORD)

C Icbp_114

CALL LABR_,AD(IUN, IOUT,SCTIT, 20,0, IWR,IRTN,LC,NWORD)

C icDp'l]4

CALL LABRF_D(IUN, IOUT, SCTIT, 12,0.1WR,IRTN,LC. NWORD)

C _cbp=|46

]E(IRTN.EQ.I) GO TO 110

C ..... SKIP TO EOR

CALL IREADqIUN,:OUT,TIT, O,f,IWR, IRTN)

C ...... ST/L_T OUGVI

110 CONTINUE

nw1_cn=_db(db_yp)-2

iii CALL IREAD(IUN. IOUT,DB. IDB(DBTYP),0, IWR, IRTN_

IF(IRTN ,EQ. i) GO TO 15

IF{IRTN .EQ. 2) OO TO 910

IGRID=IGRID/10

CALL GDBP(3, IDB(DBTYP).IGRID, NNODES,MAXNOD,DEFMAX.NDMAX, DEF.LC)

C call dbp(3.1db(dbtyp),igrid,nnodes,N_xnod, defmaw.n_h_ax)

IF(IGTYP.GT.II WRITE(lOUT, 6112) IGTYP

6112 FORMAT(I×,'# ,WARNING* ABO%_ GRID ID IS A SCL_R(2), OR TETRA(3)

& 'OR M_DDAL(4} POINT; TYPE ID ='.[2)

00 TO iii

C

15 CONTINUE

C



C..... NGRM_IZE THE MODE sHAPE AND GUTPUT TO ",MOD FILE

C wr;:e(22,2201) ic

C2201 fcrma_(2x,il0.4x,'0.0g0000E_00'}

C _o 17 i=l,nnodes

C z[(defmax.eq.0) go to 902

C ao 18 ]=I,6

C ms_,])=m_(l.])/defmax

C wr_te_22.fmn='i2x, kpe23.151'1 msql,])

rib contlnue

Ci7 continue

[F[IRTN ,EQ. 2) GO TO 16

DO TO [01

ASK ?()R 3r'hER ©P/IONS

_6 ccn;iDue

CALL READMLC_NI2)

C CALL READSLC(NI2)

740 CALL WRITETABINODEIN, NII,NI2)

CA_L WR:TEBININODEIN, NII,NI21

cc wrlCe(6.*l 'Other entrees? (y/n_'

cc read(5,'(al)'l yorn

cc If(yorn,eq.'Y' .or. yorn.eq.'y') go to 6300

C WRITE{6, t) ' OTHER OPTIONS(Y/N) ?'

C READI5,'(Ai)') YORN

C IF(YORN,EQ.'Y' .GR. YORN,E0,'y') THEN

C REWIND(IUN)

C GO TO I0

C ENDIF

c ...... ias[ two llnes of ".mod tile and to be moved to the top of flle.

C write422,6201) txt

C6201 formatl20a4)

C wrlte(22.6202) nodes.lc

C6202 focmat(2_12,11x,'2',llx.'O')

c

c ..... start processlng ,.seq

c wrlte(6,*) ' START PROCESSING *.5EQ:'

c call toseq {_no_es}

GO TO 800

C

C ERRORS

910 WRITEI!OUT, 69101 !RTN

6910 FORMAT ('# "ERROR BAD IRTN=', 18.' WHEN EXTRACTING TITLE IN DATA',

• BLOCK DUGVI')

TO 800

902 WRITE(:OUT, 69021 LC,NDMAX, DEFM_X

6902 FOP4MAT['*ERROR: MODE NO',[3,3X.'NODE=',I6,2X, 'DEFM_',EI4"5)

800 STOP

END

C

SUBROUTINE FILEN_

IMPLICIT INTEGER (A-Z)

CHARACTER*t2 F22,FII

C COM_ON /KILENM/F22

COMMON /F:O/FII

WRITEI6,_) • .

HRITEI6,') 'E_ter the NAST_AN _.CII flle name:'

WRITE(6.') "default ',FII{I:(INDEX(FII,'.')>-I) .OIl'

_EAD(5,'{A72_') f22

IF( N3EX{F22.' ").LE.I) THEN

F22=FIIII:(INDEXIf'II,'.'))-I_//'.CII"

ENDIF

fen! = INDEX(f22,' '}

ifIlenl,q_.14) then

f22=f22(i:9)//'.'//'F22'

wrxte(6.'qA72}') 'New file nar_ Is: ',f22

endif

if(INOEXIf22.','),eq.g) f22=f22( l:lenl-l)//' '//'F22'

OPEN{UNIT=22,FILE=f22,STATUS='OLD',form ='unformatted')

RETURN

END

C

subrouclne LaDread(llun, llout,lsctl_,Inwl,ilflag, lnwr, lirtn,

&llc, lnwordl

C th_s sub[ouclne creates an array contalnlng load case nut,be/,

C _tle, and subtl_le.

C isctlt(ic, l:321 contain _he title

C isctit(Ic,33:641 contaln the sub_Itle

C iSCCl_(ic,65:96) contaln the label

impilc±c zntege£ (a-z)

dl_Slon isctl_(20.2001, lld[20)

coramon /buffer/in, Icbp. irl

call 1read(llun, llout,lld, lnwl.lxflag, lnwr, llrtnl

if(inwl .le. 0) go to 1020

do I010 l-l, lnwl

Inword=Inword+1

isctlt(llc, lnword)=lld(i)

i010 continue

1020 return

end

C

SUBROUTINE READMLCISN121

C ..... READ [N MULTIPLE LOAD CASES AND NODE SELECTIONS.

IMPLIC IT INTEGER (A-Z)

CHARACTER'72 Tl00

CHARACTER'2 TAlL

commo_ /bln Kln/sctlt(20,200), notolnk

co--on /avg_n/aefi20, lOOOO,6),avgdef(6),rm_defI6),LCIN(20),

&LCMA×,LCEND

_rlte(31,6[131

6113 format(/l

wrlce(91,6301) (sc_it(1,_), z=1,18)

call oln_sk_p(l.19,321

_f (_oc_[n_,eq,l) then

wr_tei31,63011 (sc_C(i,i), i=19.321

enolf

w/iteI31.63D!) (sctl_(l,l), _=33,50)

cal! bl_sklp(l,51,641



zf qnotDlnx,eq,l) _hen

endlf

6300 contln_e

Sn12=_

cc nli=O

wr_ue(6.')' '

wrl_e(6,6301) {sc_t(l.1). i=i._8_

ca!l blnkskip(l,19,32)

%f (no_blnK.e_q.[) _hen

wr_e(6,6301) (sc_it(i,l), _=19,32)

enOlf

6301 format (Ix,18a4)

wrlze(6,6301) {sctlt(i,_), i=33,50)

call Dlnksk_p(i.51,64)

if (notblnk.eq.l) then

wrl_e(6,6301) (sctlt([,i), i=51,64)

endif

699 WRITE(6.'(/IX. AII)') 'LOAD CASES:'

do 710 ]=[.!cmax

wrxte(6.6303) ], (sct_t(],x), i=65,81)

6303 format(/ix.12.'. ',17a4)

call D[nASk!D ] 82,90)

l_Ino[bl_k.eq.[) _hen

wr_te{6,;00) 4sct_[{_,_), k=82,90}

700 for_a_(Sx, ga4)

call bl_(s(iD(2,91,96P

_f(no[Dln_.eq.l) then

write{6,6304) {scott(5,1), i=91,96)

6304 format(5x,6a4)

end:f

7!0 continue

wrlte(6))) ,

720 wrzte(6,6306)icmaK

6306 format(' Enter a load case selection num_ber. (I -'.x2,') ) )

wrl_e(6.")'(Use "0" _o end}'

722 contlDue

read{5,'Ix2)'l iclnISnl2)

if(Iczn(Snl2) eq.0) go to 728

ifllclnq5ni2).it.O .or. icln(Snl2).g_.Icrmax) _hen

wrlte(6,'l'Invalld load case selectlon.'

go _o 720

endlf

_f($ni2.eq.i) go _o 727

call chkrpt_icxn,Sm!2,repeat}

if(repeat.eq.l) then

wrzte(6,724)lc_n(Sn12)

124 format(' Loa_ case se[ectlon '.i2,' is already entered.')

wrlte_6.))'Enter Olfferent aelectlon. (Use "O" to end.)'

go to 722

endlf

_27 CONTINUE

WRITE{6,') 'Enter the FRINGE deformat%on input filenau_e for

& _his load case selection.'

WRITEI6,'(IK,A_,I2.2,A6)') "default NAS2FR',LCIN(SNI2),'21.DAT'

READ(5,'(A72)') YlO0

IF([NOEX_F_O_,' ').LE.I) THEN

W_ITE(FI00,'(A6,12.2.A6)') 'NAS2E_). LCINISNI2),'21'DAT'

ENDIF

IF(INDSX(FIO0,',')EQ.01 THEN

WRITE(TAIL,'(12,2)') LCIN(SNI2)

FIQO-FI00(I:IINDEXI_I00,' '))-I)//TAIL//'21.DAT'

ENDIF

BDU=IOO+SNI2

©pEN(UNIT=BDU. FILE=FI00(I:(IN_EX(FI00' '))-I),5TATUS='NEW'

&,ERR=90Cl,FOP_M='UNFORMATTED')

5n12=Sn12_l

go to 69g

c .......................................................

S_D the node_m deflnltlon, see equivalencec

C728 qo to 74_

728 _O TC _4D

c .......................................

c728 co_tLnue

cc if(lcln(1).eq.icene) go to 800

wrxte(6,')'En_er nod_ humors. (Use "0" to end.)'cc

cc730 conElnue

cc nii=nii+l

cc read(5,'(i4)') nodeln(nll)

cc if (nodeln(nlll.eq.O) _hen

cc nl_=nll-i

cc go to ?40

co en_If

cc zf (n2(nodein(nll))._q.0) then

cc wr_te{_,6314] no_e_n(nl_)

cc6314 format(' Node '14' d_._s not eMi_t.')

cc wrlte(6.')'Please enter p_o_r node humors. (Use "0" to end.)'

CC nll-nll-i

cc go to 730

cc endif

cc _f(nll.e_q.l) goto 730

cc call chkrp_(node_n,nll,repeat)

cc _f(re_a_+eq.l} then

cc wrlte (6,734)no_eln(nll)

cc734 _orma_(ix, 'Nc._e '.14.' Is already entered.')

wrltei6,*)'Please enter different node numk,_r. (Use "0" tO endcc

cc _.)'

cc _ll=nll-i

cc end:f

cc goto 730

745 GOTO 750

9001 WRITE(6.*) '"ERROR" output f_le name(fl00): '

&,FIOG(I:INDEX{FIG0.' '})

STOP

750 RETURN

END

C



SUBRCUTIN5READSLC(SN121C.....READINSINGLELOADCASE.IMPLICITINTEGER(A-Z)common/blnkin/scEl_ (20. 200}. notblnk

common /avqin/def(20. lOOOO.6).avgdef16).rmsdef(6).LCIN(20).

&LCMAX. LCEND

wrl_elDI. 6113)

6113 format(/)

wrl_e(31.6301) (sctlt(l. il. i=I.18}

cail blnksklp(i.19.32)

if qnotblnk.eq.l) then

wrzte{31.6301) {sc_it([._. i=19.32)

eeoif

wri_e(31.6301) (sctl_i.i). &-33.50)

call Din_sklp(l.S[.64)

if (notD[nk.eq.l) %ned

wrlte(31.6301} (sctlt(l.i). _=51.64)

endlf

6300 continue

Sm[2=i

wrl_e(6,')' '

wrl_e(6,6301) qsc_iz(l,z), z:l,!@)

call binkskip(l,19,32)

if (notbln(.eq,i) then

wrz=e(6,6301) (sc_i_(l.z), i=19,32)

endzf

6301 forma_(Ix.18a4)

wrl_e(6.6301) (sctlt(i.i). :=33.50)

call b_nKsklp(l.51.64)

if (notblnk.eq.l) then

wrlte(6.6301) (sctit(l.z). x=51.64)

endif

WRITE_6.'(/Ix. AIII') 'LOAD CASES:'

do 7!0 i=].lcmax

wrice(6.6303} ]. (sc_it_].z}. i=66.81)

6303 fo[ma_(llx, z2.'. '.i_a4)

cail oln_sklp(].82.90)

if(_oEDln*.eq.i) cnen

w_:_6.730) (scnitl].i}. _=82.90)

?OD forma_(Dx, ga4)

e_dif

tail mln_s*_pl].gi.96)

_flnozbl_*.eq.[) tne_

wri_e(6.63_4) (sctit(].ib. i=91.96}

6304 format(5x.6a4)

endlf

7[0 continue

write(6,')' '

)20 wri_e_6.6306)icma×

6306 format(' Enter a load case selectlon number. (I -'.i2.')'}

_22 con_inue

read(5.'(12}') icln(Snl2)

ifIicin(Snl2).LE.0 .or. icln(Snl2).gt.lcmax) then

wrl_e(6.*)'[nvalld load case selection.'

go _o 720

endlf

727 Snl2=Snl2_l

RETURN

END

C

SUBROUTINE NRITETAB_TNODSIN.TNII.TNI2)

C ..... GUTPUT TO ".TAB FILE

IMPLICIT INTEGER {A Z}

RE_L DEF

DIMENSION TNODEIN(TNII)

com_o_ /oin*in/sc_it(20.2001,notblnk

common /avginldefl20. lOOOO.6l.avgdefl6).rmsdefl6l.LCINl20)

do 760 i=l. Tnl2-_

write{31.630]) iczn{z)

630? format{/!w.'Loa_ ca_e seiec_io, '.12.'.')

wri_e(31.6308) (sc_it{Icin(1).]). ]=65.82)

call olnksklp(i.@3.90}

i[(notblnk.eq.i_tnen

write(31.6308) (sctit(Icin(1).]). ]=83.90)

endif

6308 format(lw.l@a4_

call blnksklp(i.91.96)

_f(notblnk.eq.l)then

write_31.6309) (_ctit{Icln(1).j). 3=91.96)

endif

6309 format (I_.6a4/)

wrlte(31.6310)

6310 format(Ix.'NODE #'.30w.'DEFLECTION'_

wrize(3h6311)

6311 format(14w'TX'.IOx.'TY'.IOw.'TZ'.IOx.'RX'.IOx.'RY'.IOx.'RZ'/)

do 750 ]=l. Tnll

wrlte(31.63|2) TNOOEIN(]).(def(Icln(1).TNODEIN(] ),l)'k=_'61

6312 formac(2x, i4.3x.6(ell.4.1,))

750 contln_e

call average(icxn(1).TNODEIN. Tnlll

C call rms(icln(1).TNODEIN.Tnll)

760 continue

RETURN

END

C

subroutine averaqe(slc_n.snc_ein.snll)

c Tbia sabrou_ine computes _he average of nc_ml deflections

impllclt _n_eger (a-z)

real sumdef, def. avgdef

dimension su_ef(6I, snodeln(snll_

common /avg!n/defl20.10000.6l.avgdef(61

do 756 z=l.6

surfer(1)=0.

do 754 ]-l.snll

sumoef(i_=sumoef(i_+def(slcln, sno_eln(]).il

754 continue

avgdef(1)=sun_ef(1)/snll

756 continbe

OF PCO;] 'QUALITY



write(31, 7581 (avgdef(]),]=l, 6)

758 forma_(/lx,'Average',6(Ix,ell.4))

return

end

c

c

c

subroutine rma(slc_n,snodeln,sn[i)

Thus saoroutlne computes the MS va!ues of nodal deflections.

lmpllozt inteqer(a-z)

real def, sumsqoef, rm_de[

_imenszon sumsodef 6). snoOeln(snll)

cor_or /avqln/oef(20, lO000,6},avgdef(6),rmsdef(6)

do ?70 _=1.6

s_ms_eef z)=3.

do 768 ]=[,snll

sumsqdeflZ)=sumsqdeflkl+def(slcln,anodelnl]),i) _.2

768 con_Inue

rmsdef(1)=(sumsqdef(i)/snll)"'0.5

770 continue

write 131, ?72) (rmsdef(]}, ]=i, 6}

772 forma_ (/lx, 'KMS '. 6(Ix.ell.4))

return

end

c

SUBROUTINE WRITEBIN(TNODEIN.TNII,TNI2)

[M2LIC:T INTEGER (A-Z)

REAJ_ DEE, DUM2

common /Dinkln/sctlt(20,200),notblnk

cordon /avg:n/def(20, lO000,6i,avgdef(6),rmsdef{6),LCIN(20)

con_on /selg/noeg,tno,_dg(10),sgn(500)

DIMoENS [CN TNODEIN(TNII). DUM2[500}

REWIND 28

DO ll0 [=I.NOEG

READ(28)

REWRITEI2@) _SCTIT{I,J),J=I,12), IDG(1)

READ(2@)

READ(2@)

DO i00 J=!,3

READ(2@)

READ(2@] (DUM2(K).K=I.IDG(1))

_00 CONTINUE

Ii0 CONTINUE

do 760 I=I,TnI2-1

BDU=IO0+;

WRITE(BDU) LCIN(1)

do 750 ]=l,Tnll

wrlte(BDU) TNODEINI]),TNODEINIJ),(def(lcin(_),TNODEIN(]),kl,

& _=1.3)

750 continue

CLOSE(BDU}

760 con_mue

RETURN

END

C

saoro_tine qoDp_qi],gi2,glqrld.qnnodes,gmaxnoo, gdefmax.gndmax,

& gdef,jic_

C slm_!ar to suDroutlne dbp

C Th is 5u oro,a_l_e c rea_es an array contalnlng deformation,

C spec_fLed by load case nurnOer, grld numl)er, and deqr_-_ of

C freeaom.

_mplzclt xnteger (a-z)

real db,qdefmax,gdef

dzmemslon gdef(20,1000O,6)

comzaon /dbpxn/n2(10000),db(15)

gnnodes=gnnodes+l

n2(q_grzd)=gnnodes

do 300 z=g_l,g12

]=i-gll+!

qdefqqlc,g_qrld,]l=db(i}

if(aDs{gdefmax).It.abs(db(i))) then

qdefmax=db(i)

gndmax=g&gri_

endlf

]00 continue

:f(gmaxnc_,lt.glgr_d) gmaxnc<J=glgrld

Eeturn

end

C

subroutlne blnksklpibl,b2,b3)

impllcl£ intecger (a-z}

co_rnon /blnkxn/scti_(20,200).no_Dink

notblnk-0

do I00 l=b2,b3

goto 200

i00 conClnue

200 re_urn

end

subroutine chkrp_(sarray,sn,srepeat)

_mpl_c_% Lnteger(a-z)

d_menEion sarray_n)

srepea_=0

_!sa_ray(sn_ eq.sarray(_)_ srepea_=l

723 co_Lnue

re_urr

end

....... revised _om YNASPAT2._ for zmages-3D anlma_lon

5uo_out_ne dbp(11._2, igd, nnod, mxnod,dmx, ndmx)

zmpi_czt integer _a z)

real db.cunx



common /dbpln/_2(10OG0),db(15)
nnod=n_od+l

n2llgd)_nnc_
do 200 1=_i,_2

c n_(nnod, 3)=a_(l)
lftabs(c_x).l_.a_s(db_ll)) _hen

ctmx=db{l_

nc_x=igd

endl_

200 continue
_f(mxnod_lt._gdP mx_od=_gd

return

end

C
SUBROUT:_E ICPE_IUN, IQUT, L)

C
C TH:S ROUTINE OPENS (TO READ) AN INPUTT2 FILE

C
_LICIT INTEGER iA ZP

C
C _T _UST BE C_LED ONCL AND ONLY QNCE PER UNIT

C
C IUN _NPUF I_TEI_ER ?CRTRAN _NIT _L_ER (IE 111

C L{2_ OU_U _' _TEGER LAB L FRQM D_P (IE MYPROG)

C

C
REWIND (_UN_

READ IIUN) KEY

IF{KEY .NE. 3_ GO TO _000

C BRING IN _ATE

READ (!UNI M.D,Y
READ /IUNI KEY

IFIKEY .NE, 71 CO TO 9000

C BRING IN TITLE
READ (IUN) (T(I_,_=I.7>

READ {!UN} KEY

!FtKEY .NE_ 2) GO TQ 9000

C BRING IN [,ABEL
READ IIUN) L

READ IIUN) KEY
IF{KEY .NE. -i) GO TO 9000

READ (IUN) KEY

IFIKEY .NE. 0_ CQ TO 9000
RETURN

_000 WRITE(IOUT. 9001 KEY
_00 FOPJ4AT(1HI,15HIOPEN BAD KEY =.I8}

STOP

END

SUBROUTIN_ IHEADR(IUN, IOU£,N_4_ T )

C
C IHEADR IS C_LES ONCg PER DATA BLOCK ON UNIT IUN

C
IF_LIC!T [NTEG£R _A Z)

C
C IUN--INTE_ER-_[NPUT _'ORTRAN UNIT NUMBER _IE i1)
C N_J_--BCD -OUTPUT--DATA BLOCK N/_ (2 WORDSJ (IE EQ_XIN}

C T--OUTPUT_-[NTEGER _DATA BLOCK CONTRQL BLOCK I_ WQRD$ IE

C TRAILER{1)=T(2)

C
DI_NS:ON N_MI2_,TI_,IH_2_

C
COF_CN /BUF_ERtlN

C
REA_ _IUN> _EY

I_(KEY .NE_ 2) GO TO _000

C READ _N DATA BLCCK N/_

R_AD ([U_ NAM

_EAD (:UN) KEY
:F(ME¥ .NE. II GO TO _000

READ ([UN_ KEY
I_ _EY ._ _) GO TO 90OO

C READ _N TRAILER

READ (:UN} T
READ IIUN) KEY

IF(KEY .NE. _2) CO TO 9000
READ IIUN) KEY

IFIKEY _NE. 1_ _C TO 9000

READ (IUN_ KEY
IF(KEY .NE. 01 GO TO 9000

READ (IUN) KEY

IF {KEY .LT. 2) GO TO _000
C READ IN (SKIP) _ATA FROM DATA BLOCK HEADER

READ {IUN) IH

RKAD (IUN) KEY
IF(KEY _NE. -3) CO TO 9000

C
C STtd_T BUFFER ROUTINE A BEGINING

C

IN=0
RE_JRN

_000 WRITE([OUT, 9C01 KEY

900 FORMAT (I_I,16HIH£ADR BAD KEY = , I_)

STQP
END

SUBROUTINE !READ{IUN. IOUT,!D, NWI.IFLAG, NWR, IRTN)

C
C _HIS ROUTINE READS _N INPUTT2 £ILE WITH USER CONTROLS

C

It_L:CIT INTEGER IA-Z)

IUN_ [NPUT_ FORTPJ_N UNIT NUMBER (IE _1)

C ID-_OUTPUT _J_RAY CCNTAINING RETURNED _ORDS
C NW_- :NPUT--INTEGER -TH_ NUt4BER O£ WORDS TO RETURN

C IF NW1 IS NEGATIVE THIS _N¥ f_0RDS _ILL BE SKIPPED

C [FLAG_-[NPUT -i_ IFLAG IS 0 . A CONTINUATION RF_D WILL OCCUR
C rF [FLAG IS i THE REMAINER OF THE RECORD WILL BE



C SKIPPED

C NWR--DUTPUT--IF THE RECORD DOES NOT CONTAIN NWI REMAINING

C WORDS THEN NWR WILL INDICATE THE ACTUAL NUMBER

C RETURNED

C I_TN--OUTRUT+-0 NORMAL RETURN

C I END OF RECORD (NWR WILL BE SET)

C 2 END OF DATA BLOCK

C

DIMENSION ID(1)

C

COMMON /BUFFER/IN, ICBP, IRL, IZ_I00O0)

C

C IN INDICATES PRESENCE IN IZ

C rCBP [S THE CURRENT BUFFER POINTER

C [RL IS THE CURRENT RECORD LENGTH

C [Z CONTAINS THE ZATA

C

C THIS ROUTINE CAN ONLY HANDLE ONE FORTP_N FILE AT A TIME

C MORE CODE COULD EXTEND THIS CONCEPT

C

NW = NWI

IRTN= 0

IUA_=O

IF(IN .NE. 0) _ TO 70

C

C READ INTO BUFFER ON INITIAL READ START OF RECORD FLA_

C

READ,fUN) KEY

IF(KEY .NO. !) GO TO 9000

C READ RECORD TYPE (TAI_LES=0, ONLY TABLES ALLOWED)

REJ%D (!UN) KEY

IF(KEY ,NO. D) GO TO 9000

30 READ lION} KEY

C END-OF _ECORD OR END-OF-FILE OR LENGTH-OF RECORD INDICATION

IF{ KEY _!60,200,4C

40 IFIKEY.LE,200O6)GO TO 60

C OUTPUT2 RECORD :S LARGER THAN 20000 DIMENSION OF IZ ARRAY

WRITE(:OUT, S3)

59 FO_IT(]0H0 _LR}_AY IZ DIMENSION EXCEEDED IN SUBROUTINE IRF_AD.)

KEY = 29000

60 READ (IUN) {IZ(I_.[=I,KEY)

IRL : KEY

ICBP = 0

IN = i

C

C DATA IS [N IZ

C

70 CONTINUE

IF(NW) l@O,170,@O

C

C ARE ENOUGH WORDS IN BUFFER

C

80 CONTINUE

IF(IRL -ICBP .LT NW) GO TO 140

C

C SUPPLY WORDS

C

DO 90 ! = I.NW

ID(IUAP+I) = _Z(ICBP-I)

90 CONTINUE

IUAP : IUAP ÷ NW

UPDATE BUFFER POINTER

C

ICBP=ICBP+NW

i00 [F(IFLAG ,NE. 0) GO TO 120

110 RETURN

C

C SKIP TO NEXT LOGICAL RECORD

C

120 CONTINUE

C RKAD END OF RECORD FLAL; IF NOT NEGATIVE IS MORE DATA FOR

C CURRENT RECORD, READ DATA LENGTH KEY AND NEXT RECORD TO

C SKIP THAT LENGTH OF DATA, AND LOOK FOR END-OF-RECORD FLAG

READ (IUN) KEY

IF(KEY ,GT, 0} GO TO 130

IN = 0

GO TO !I0

SKIP MORE

C

130 READ(IUN) KEY

GO TO 120

C

C MORE WORDS REQUESTED THAN AVAILABLE

C

I_0 CONTINUE

K = IRL-ICBP

C

C SUPPLY REMAINDER OF CURRENT BUFFER

C

DO 150 I = I,K

ID{IUAP+I) = IZ(ICBP+I)

£50 CONTINUE

C

C BUM_ USER POINTER AND DECRF24ENT WORDS

C

7UAP = IUAP -K

NW = NW-K

C

C READ RL'_%AINDER OF DATA RECORD

C

GO TO 30

C

C END OF RECORD

C

160 CONTINUE

NWR : IUAP



[RTN=1IN=0GOTO110
USERREQUESTEDZEROWORDSHONOR[FLAGANDQUIT

l_OCONTINUEGOTOi00
USER REQUESTED ,_ORDS BE SKIPPED ( NW [S NEGATIVE HERE )

[80 CONTINUE

[F_ICBP-IRL .ST. NW) GO TO 190

SKIP WITHIN _-q/RRENT BUFFER

ICBP = ICBP - NW

GO TO 100

C

C SKIP OVER MORE THAN CURRENT BUFFER

C

!90 CONT [ NUE

C REDUCE THE NEGATIVE COUNT, MAKE IT LESS NEGATIVE

NW = NW_IRL-ICBP

C

C READ RE24AINDER OF DATA RECORD

C

GO TO 30

C

C END OF FILE

C

200 CONTINUE

: RTN = 2

IN = 0

GO TO [I0

C

C ERRORS

C

9000 WRITE(IOUT. 9001)

9001 FORMATIIH0. 618)

STOP

END

KEY,ICBP, IRL,NW. NW[,IFLAG

6.6 MM2CM

20

]0

PROGRAM MMZCMAX

IMPLICIT INTEGER (A-Z)

REAL X2,YZ,Z2,XAX. YAX.ZAX. U_.W. WW.UUAX*VAX.WWAX

CHARACTER'72 F28.F29. F21,F22

DIMENSION X2(503),Y2(500).Z2(500}

DIMENSION XAX(500),YAXqE00).ZAX(EO0)

DIMENSION T;TLZ(iZ}

WRITE{6,*('Enter the geometry(*28.DAT) filename.'

READ(5,'{A72)') F28

WRITE(6.')'Enter the geometry output fklename.'

READ{5,'IA?2)') F29

WR!TE(6,*)'En_er the deformatlon(*Zl.DAT) filename.'

READIE,"(A32)') F21

WRITE(6,*)'Enter the deformatlon ou_pu_ filename.'

RZJ%D(5,'(A72)") E22

OPEN {UNIT=28. FILE=F2@ (i: (INDEX(F28.' ')-l)l. STATUS-'OLD',

& ERR=9001,EORM='UNFORMATTED ' )

OPEN(UNIT=21,FILE=F21(I:IINDEX(F21" ')-I)},STATUS='OLD'.

& £RR=9002.EORM='UNFORMATTED')

OPEN_UNIT=29, FILE=E29(I:(INDEX(F29' ')-I)),STATUS='NEW',

& ERR=9003, FORM-'UNFOP-MATTED')

OPEN(UNIT=22,FILE=F2211:(INDEXIF22, ' ')-I)).STATUS='NEW'.

ERR=9004,FORM='UNFOP-MATTED')&

REWIND 28

REWIND 29

READ(2@)(TITLE{K),K=LI2}.NUMNP

WRITE(29)(TITLE(K).K-I.12),NUMNP

READI2@)

WRITE(29)

RKAD(2@)(XZ{I).I=I,NUMNP)

DO I0 I=I.NUMNP

X2(I}=X2(1)/10.

XA_(1) =-X2 (1)

CONTINUE

R_AD(2B)(YZ(1).I_I,NUMNP)

DO 20 I-I,NUMNP

Y2(1)-YZ(1)/IO.

ZAX([)-¥2(1)

CONTINUE

READ{2$)IZZ(I).I=I.NUMNP)

DO 30 I*I.NUMNP

ZZ(1)=Z2(I}/10.

YAX(I)=Z2{I)

CONTINUE

WR[TE(29) (XAX(I}.I=I.NUMNP)

WRITE(29) (YAX(1),I=I,NUMNP)

WR[TE(29)(ZAX(1),I=I,NUMNP)

_EW[ND 2[

RE_IND 22

READ (2[) NI_

WR[TE(Z2) NIl

DO 5 I=I._JMNP

REAJ (21) J,NI[.L_,W, WW

UU=UU/10.

W=WII0.

_W=NW/[0.

UUAX= _d

WAX=_W



WW#_(=WWRITE122)J,N_I,LF_AX,WAJ(,WWA3(5 CONTINUECLOSE(28)CLOSE(29)CLOSE(211CLOSEI22}GOTO99999001WRITE(6,") 'FILENAMEERROR:UNIT28'9002_RETE(6,'}'F!LENAMEERROR:UNIT21'9003WRITE(6,'}'FILENAME ERROR: UNIT 29'

9004 WRITE(6,*) 'FILEN_ME ERROR: UNIT 22'

9999 STOP

END

6.7 FRINGE

6.7.1 Case 1 Executive Input

PME00T STATIC DEFLECTION MODEL

DEFLECT OPTAX 3 UNITS CM XCIR 0 0 125. RADIUS 125. BADCV 622.

VE_RIFY COEFF NPOLY 36

CONTOUR i. WIDTH .4 WEDGE 80252. FITEBB .25

COBS 0.187 0.189

END

DANA RED PSF ESCAN e CENT 0. 0,

END

GSPOT RED ESCAN e SPOT CENTROI3 O. 0.

END

6.7.2 Case 1 Output

25-SEP-92 16:32:46
IPM_00T STATIC DEFLECTION MODEL

--DEFLECT OPTAX 3 UNITS CM XCIP 0 0 125. RADIUS 125. RA3CV 622.

-VERIFY COEFF NPOLY 36

--CONTOUR I. WIDTH ,4 WEDGE 80252. FITERR .25

--COBS 0.187 0_187

--TILT FOCUS

--END

PUPIL RADIUS 125,000 CM WAVELENGTH 0.633 MICRONS

DIFFRACTION ANGLE 0.0637 ARC SEC

CUT-OFF FREQUENCY 3950,_0 I/MR

APERTURE MASKING

TYPE CA)( CAY COX COY

ELIP I,OC00 1.0000 0.1870 0.1870

ZERNIKS 20LYNCMIAL COEFF!C[ENTS OF REFERENCE WAVIEFRON

:),0COC, 3._000 0.0000 0.0000 0.0000 0.0000 0,0000

0,0300 0.0000 0.0000 0.0000 0.0000 0.0000 0,0000

C.000O 0.0000 0,C000 0.0000 0.0000 0,0000 0.0000

0,0000 0,0000

0.0000 0,0000

0.0000 0.0000

PUPIL CENTER AND RADIUS

XC YC RAD

0.0000 0.0000 125.0000

0.0000

0,0000

0.0000

0.0000

0,0000

0.0000

0.0000

0,0000

O.0000



IPME00T STATIC DEFLECTION MODEL

FRINGE VERIFICATION

25 SEP-92 16:32:48
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IpD_LOOT STAT;C DEFLECTION MODEL
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WA_TEFRON DEVIATION IN UNITS OF WAVES

TILT AND DEFOCUS MLI_ASURED FROM DIFFRACTION FOCUS

WAVELENGTH 0,633 MICRONS
DEFLECTIONS ARE MLAGNIFIED BY A FACTOR OF 0,0000E+00
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O
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O O

O O
O

O
O O

O

O O

O

O

O

O
O

O
O

O

O

O

O

N RMS

RAW 0 0.295
PLANE 2 0.259

SPHERE 3 0,259

4H ORDER 8 0.116
6H ORDER !5 0.098

8H ORDER 24 0.040
COMPLETE 36 0.027

STREHL RATIO 0.071 AT D:FFRACTION FOCUS

FOURTH ORDER ABERRATIONS

M_GN:TUDE ANGLE DESIGNATION
WAVES DEG

0.265 0.0 TILT

-0.025 DP_-OCUS
0.49_ O.0 ASTIC44ATISM

1.212 0.0 COMA

-0.056 SPHERICAL ABERRATION

FOLLOWING TERMS WERE SUBTRACTED FROM DATA-

TILT FOCUS

_.23056E-01 -i.19276E-06 4_06118E-03

O.O0000E+O0 0,00000E*00 0.0000OK+00

0.0O000E*00

0.00000E+00

RESIDUAL WAVEFRON VARIATIONS EVALUATED AT DATA POINTS

PTS P_MS MAX MIN SPAN STREHL

336 0,2?0 0.938 -0.668 1.606 0.057



0.O00OOE*00 0.00000E-00 O.,30000E+00 0,00000E*00

0.00000E*00 O.00000E*00 D.00000E+00 0.00000E+00

RESIDC_L WAVEFRON V_RIAT[ONS OVER UNIFORM GRID

PTS RMS MAX MIN SPAN STREHL

676. 0,229 0.573 -0.513 1.086 0.127

IPME00T STATIC DEFLECTION MODEL 25-SEP-92 16:32:50

RM.S CALCULATED FROM ZERNIKE COEFFICIENTS=0,228

ZERNIKE POLYNOMIAL COEFFICIENTS

0.0000 0.0000 0.0000 0.2923 0.0000 0.4743 0,0000 -0.0103 -0.009@ 0,0000 -0.1324 0.0000

-0,1201 0.0000 0.0070 0,2379 0.0000 -0.0580 0.0000 0.0824 0.0000 0,0316 0.0000 0.0096

-0.0327 0.0000 -0.0434 0.0000 0.0216 0.0000 -0.0236 0.0000 -0.0044 0.0000 -0.0018 -0.0006

GENERAL POLYNOMIAL COEFFICIENTS

-1.4572 0.0000 0.2446 1.4204 0.0000 4.0755 0.0000 1.1531 0.4387 0.0000 -3,5966 0,0000

-4.0193 -0.0001 -1,5399 0.4547 0.0000 -0.9393 0.0000 3,7187 -0,0001 2,3365 0.0001 0,0130

0,0327 _.0000 :3.2601 0.0000 0.4544 0.0000 -1.3239 0.0000 -0.5542 0.0000 1.1311 -0,5304

ASPHERIC COEFFICIENTS

FOCUS AD AE AF AG AH

-0.2446 1.1531 [.5399 0.0130 1.1311 -0.5304

IPPLSOOT STATIC DEFLECTION MODEL 25-SEP-92 16:32:50

CONTOUR STEP WIDTH PAGE SIZE -M- -N- -P -Q-

0.100 0.400 2.000 -0.150 -0.050 0.050 0.150

,, ++ + + **

LL _M NNNNNN

L MM.M NNNNNNNNNNNNNNNNNNNNN

K L MMM NNNNNNNNNNNNNNNNNNNNNNNNNNN

K LL M2iM NNNNNNNNNNNNNNNNN NNNNNN

KK LL MM NNNNNNNNNN NNNN

K LL MMM NNNNNN NN

JJ K L MMM NNNNN M2dMMMM.MMMMMM NN PP

J KK LL MM NNNNNNN MM]d2_%MMMM M_MMMMM NN P

JJ KK LL MM/d NNNNNNNNNNN 5_14_ WtM M_q4M NN PP

K L M_ NNNNNNNNNNNNNN MMM MMM NN P

K L M/_ NNNN NNNN _ LLLLLLLL 5tM24 NN P

LL M_ NNN NNN MMM LLLLLLLLLLLLL MM NN PP

L Y_ NN PPPPPPP NN ,M_ LLLLL LLLLL M/KM NN PP Q

M2*l ppppp pppPP NN _ LLLL LLLL MM NN PP Q R

LL NNpppLL M NN PPP NN MM LLLL LLL MM NN PP Q R S

_M NN PP Q_QQQQQQQQ PP NN MM LLL LLL MM NN P QQQ R SLLL MM NN P R S
M NN PP QQQ QQQ P NN M LLL

NN PP QQ RRRRR QQ P NN MM LLL LLL MM N PP Q R S

N PP QQ RRRRR RRRR QQ P N M-M LLL LLL M_M NN PP _Q RR S T
N PP GG RRR RRR Q P NN F_d LLL LLL MM NN P S T

pP QQ RR SSSSSSSSS RR Q P NN M_ LLLLL LLLLL M/d N PP Q R S T

pp QQ RR SSS SSS R Q PP N MM LLLLLLLLLLL MM NN P QQQ R S S T

QQ RR SSS SS R LLLLLLLLL N P R T

QQ RRR SS TTTTTTTT SS R LLLLLLLL MM N PP Q R S T U

CRD RR SSS TTTTTTTTTTTT SS LLLLL _ NN P QQ R S T U

Q RR SSS TTTT TTT SS LL M_M NN P QQ R S T U

RRR SS TTT TT SS MM N p Q RR SS TT U

RR SSS TTT TTT S MM N p Q RR SS T U

RR SSS TTT TTT S MM N P Q RR SST U ÷

RRR SS TTT TT SS _ N p Q RR SS TT U

RR SSS TTTT TTT SS LL FEM NN P QQ R S T U

NN P QQ R S T U_R SSS TTTTTTTTTTTT SS LLLLL MM

QQ RRR SS TTTTTTTT SS R LLLLLLLL _04 N PP Q R S T U

QQ RR SSS SS R LLLLLLLLL _MM N p _ R R S T

pp QQ RR SSS SSS R QQ PP N MM_ LLLLLLLLLLL N_ _ ST
PP QQ RR SSSSSSSSS RR P NN LLLLL LLLLL MM p Q R S T

N PP QQ RRR RRR Q P NN MM LLL LLL b_M NN P Q R S T

N PP QQ RRRRR RRRR QQ P N b_4 LLL LLL b_4 NN PP QQ R S T

NN PP QQ RRRRR QQ P NN MM LLL LLL _ N PP Q R S

M MMNNNN PP QQQ QQQ P NN M LLL LLL MM NN P Q R Spp QQQQQQQQQQ PP NN MM LLL LLL MM bin P QQ R S

LL M MMNN PPP ppP NN M_M LLLL LLL MM NN PP Q R S
LL , NN PPPPP PPPPP NN MMM LLLL LLLL MM NN PP Q R +

L LLMMMM NN PPPPPPP NN MMM LLLLL LLLLL MMM NN PP QNNN NNN MMM LLLLLLLLLLLLL M_M NN PP

K L MMMM NNNN NNNN MMM LLLLLLLL MMM NN PK L NNNNNNNNNNNNNN _ MMM NN P

JJ KK LL MMM NNNNNNNNNNN MMMI_4 M}@_M NN PP

J KK LL M_M NNNNNNN _ MMMMMMM NN P

JJ K L _V4M NNNNN _ NN PP

K LL MMM NNNNNN NN +

KK LL MM NNNNNNNNNN NNNN

K LL L MMM NNNNNNNNNNNNNNNNN NNNNNNK MMM NNNNNNNNNNNNNNNNNNNNNNNNNNN

L MM2d NNNNNNNNNNNNNNNNNNNNN

LL Mid NNNNNN

IP_00T STATIC DEFLECT£ON MODEL 25-SEP-92 16:32:52

ZERNIKE POLYNOMIAL COEFFICIENTS

0.0000 0.0000 0.0000 0.2923 0.0000 0,4743 0.0000 -0.0103

-0.009@ 0.0000 -0.1324 0.0000 -0.1201 0.0000 -0.0070 0.2379

0.0000 -0.0580 0.0000 0.0824 0.0000 0.0316 0.0000 0.0096

-C.0327 0.0C00 -0,0434 0.0000 0.0216 0.0000 -0.0236 0.0000

-0.0044 0.0000 -0.0018 -0,0006



RESIDUAL WA_/EFRGN VARIATIONS OV35R UNIFORM MESH

PTS R/MS _t%X MIN SPAN VOLUM

676. 0,229 0.573 -0.513 1.086 1,541

-DANA RED PSF ESCAN e CENT 0, 0.

FUNCTION _ VOL AR_

ASF 0.592559E-02 0,244141E-00 4096

* STREHL RATIO" 0.1410

SPOT PERCENT

RADIUS ENERGY

0.000000 0,00

0,026056 5.00

0.042540 i0,00

0.054991 15.00

0.964883 20,0@

0.S78939 25.00

0.0824CI 30.00

0,_85863 35.00

0,093i64 40.00

0.101778 45.00

0.I0632 _ 50.00

0.121280 55.00

0.129818 60.00

0.148661 65,00

0.155845 70.00

0.163909 75.00

0.182704 80.00

0.209453 85,00

0,235218 90.00

0.315660 95.00

0,735406 i00,00

-END

GSPOT RED ESCAN e SPOT CENT@DID 0. O.

iPt-_500T STATIC DEFLECTION MODEL

IPt.tEGOT STATIC DEFLECTION MODEL

SPOT PERCENT

RADIUS ENERGY

$.000000 _,00

0,031464 5.00

0.043987 i0,00

0.055935 15.00

0.066413 20.00

0,073961 25.00

0.078615 30.00

0,084311 35.00

0.096635 40.00

0.104209 45.00

0_i13_60 50.00

0.122328 55.00

0.130015 60.00

0_141451 65,00

0.147272 70,00

0.156984 75.00

0,167199 80.00

0.178106 85.00

0.196076 90.00

0.213369 95,00

0,2345_5 ]D0.00

25-SEP-92 16:32:54

25-SEP-92 16:32:56

- END

END O_" ]]A]A

6.7.3 Case 2 Executive Input

PME20T STATIC DEFLECTION MODEL

DEFLECT OPTAX 3 UNITS CM XCIR 0 0 125. RADIUS 125, RA[MCV 622.

VERIFY COEFF NPOLY 36

CONTOUR i. WIDTH .4 WEDGE @0252. FITEBR .25

COBS 0.18] 0.187

END

DANA RED PSE ESCAN e CENT 0. 0.

END

GSPOT RED ESCAN e SPOT CENTROID 0. 0,

END

6.7.4 Case 2 Output

25-SEP-92 16:37:16
:pME20T STATIC DEFLECTION MODEL

--DEFLECT OPTAX 3 UNITS CM XCIR 0 0 125. RADIUS 125. RADC"4 622,

--VERIFY COEEF NPOLY 36

-CONTOUR I, WIDTH ,4 WEDGE 80252. FITERR .25

-COBS 0.18] 0.187

--TILT FOCUS

--END

PUPIL RADIUS 125.000 CM WAVELENGTH 0.633 MICRONS

DIFFRACTION ANGLE 0.0637 ABC S£C

CUT-OFF EREQUENCY 3950.70 I/MR



APERTURE M_KING

TYPE C_ CAY COX COY

ELIP 1.0000 1.0000 0.1870 0.1870

ZERNIKE POLYNOMIAL COEFFICIENTS OF REFERENCE WAVEFRON

9.0000 0.0000 0.0000 0,0000 0,0000 0.00O0 O,fl000 0.0000 0,0000 0.0000 0.0000 0.0000
0.0_00 0.0C00 O.0fl00 0.0000 0.0000 0.O000 0.0000 0.0000 0.0000 0.00GO 0.0000 0.0000

0.0000 0.0000 O.O00D 0.0000 0.0000 0.0000 0,0000 0.0000 0.0000 0.0000 0.0000 0.0000

PUPIL CENTER AND RADIUS

XC YC
0.C000 O.0000

IpME20T STATIC DEFLECTION MODEL

FRINGE VERIFICATION
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IPME20T STAT[C DEFLECTION MODEL

25-SEP-92 16:37:18
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WAI/EFRON DEVIATION IN UNITS OF WAVES

TILT AN3 DEFC_CUS MEASURED FROM DIFFRACTION FC<_US
WAVELENGTH 0.633 MICRONS

DEFLECTIONS ARE P_%CNIFIED BY A FACTOR OF O.0O0OE+00
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25-SEP-92 16:37:19

O o

O

O
O O

O

O O

O

O

O

O

O
O

O

O

O

O

O

N RMS

RAW 0 0.461

PLANE 2 0.426
SPHERE ] 0.232

4H ORDER 8 0.016

6H ORDER 15 0.047
8H ORDER 24 0.037

COMPLETE 36 0.028

STREHL RATIO 3.1!9 AT D!FFP.ACTION FOCUS

FOURTH ORDER ABERKAT[ONS

MAGNITUDE ANGLE DKSIGNATION

WAVES DEG
0.330 0.0 TILT

-0,966 DEFOCUS

0,484 0.0 ASTIGt't_TISM

i.!39 0,0 CO_ t_
0.139 SPHERICAL ABERP.ATION



FOLLCWINS tERMS WERE SUBTRACTED FROM DATA-

TILT FOCUS

i.96758E-01 -_.52235E-06 4.99930E 01 0.00000E*00

0.0D00OE*D0 0,00000E+00 0.00000E+00 0.00000E+00

RESIDUAL WAVEFRCN VARIATIONS EVALUATED AT DATA POINTS

PTS RMS MAX MIN SPAN STREHL

336 0.243 0.749 -0.420 1.169 0.099

O.O00OOE+O0 0.30000E+00 O,00000E+O0 O,O0000E_O0

0.00000E*00 0,O0000E+00 0.00000E+00 0,00000E+00

RESIDUAL _AVEFRON VARIATIONS OVER UNIFORM GRID

PTS RMS MAX MIN SPAN STREHL

676. 0.205 0,530 -0.276 0.807 0,189

IPME20T STATIC DEFLECTION MODEL 25-SEP-92 16:37:20

RMS CALCULATED FROM ZERNIK_ COEFFICIENTS=0.205

ZERNIKE POLYNOMIAL COEFFICIENTS

00000 9.0000 0,0C00 0.2821 0.0000 0.4457 0.0000 0.0219 -0.0092 0.0000 -0.1232 0,0000

-0,i129 0,0000 0.0273 0,0248 0.0000 -0.0545 0.0000 0.0765 0.0000 0.0297 0.0000 0.0119

-0.0308 0,0000 0,0092 0,0000 0.0203 0.0000 -0.0220 0.0000 -0.0041 0.0000 0.0359 -0.0250

GENERAL POLYNOMIAL COEFFICIENTS

1.3693 0,0000 2.0857 1.3313 0.0000 3.8296 -0.0001 -I_,64]8 0.4122 0.0000 -3.3455 0.0000

-3.7766 0.C002 60.9297 0.0707 0,0000 -0,8826 0.0000 3.4613 -0.0001 2.1953 -0.0002 -I00,4069

-0.0308 0.0000 -0.0551 0,0000 0.4270 0.0000 -1,2336 0.0000 -0.5207 0.0001 ?8.2204 -23.0545

ASP HERIC COEFFICIENTS

FOCUS AD AE AF AG AH

2_085U ii.6478 6_,9297 -i00,4069 78.2204 -23,0545



IpME20TSTATICDEFLECTIONMODEL 25-SEP-9216;3_:20
CONTOURSTEPWIOTMPAGESIZE -M- -N- -P- -Q-0,100 0.400 2.000-0.150-0.0500.0500.150++ *÷ + +

NN

L _ NN

LLLLLLLL t_ NNN P
LLLL MM2dMMM P

LLLL MM_ MM_ N P

L _ M/_ NN P

LLLLL _M/dM t4_ M_ NN PP Q

MIdM NN P Q
LL MMM MMMMM

MM SNNNNNNNN MMMM MMM NN pP Q R

_M NNNNN NNNNNN MY4M LLLLL MM NN P Q

MM NNN NNNN M_ LLLLLLLLLL MM NN PP Q

NNN _MMMM NN PPPPP LLLLLLLLLLLL MM NN P Q

MHMMM NNNN pPpPPPPPPPPPP NNN MM LLLLL LLLLLL MM NN PP Q R S• PPP PPP NN MM LLLLL LLLLL MM NN P QQ R

MMM NN P P QQQQ pPP NN _MM LLLLL LLLLL MMM M N PP QQQ R R sT

NN N pp QQQQ QQQQQQ_Q PPP NN LLLLLL LLLLL NN PPpp QQQ QQQQ pP NN MM LLLLLLLLLLLL MM NN PP R S

NN ppP QQ RRRRR QQQ PP NN MM LLLLLLLLLL MH N P Q R SNNNN Q _RRRRR RRRRRR QQ PP NN MM LLLLLLLL MM N P Q R

RRR Q P N _ LLLLLNNN PP Q_D RRR

N pp QQ RRR SSSSSSS RR Q PP NN MiM

PP QQ RR SSSSSS SSSS R QQ P NN

PP QQ RR SSS SSS RR

PP QQ RR SSS SS R

PPP Q RR SS TTTTTTT S

PP QG RR SS TTTTTTTTT SS

PP QQ RR SS TTTTT TTTT SS

+ PPP Q R SSS TTTT TTT S

PPP Q R SSS TTTT TTT S

PP QQ RR SS TTTTT TTTT SS

pp QQ RR SS TTTTTTTTT SS

PPP _ RR SS TTTTTTT S

pP _Q RR SSS SS R

PP QQ RR SSS SSS RR

pp QQ RR SSSSSS SSSS R QQ P NN MMM

N pp QQ RRR SSSSSSS RR Q PP NN M_4

NNN PP QQ RRR RRR Q P N MMM LLLLL

NNNN PP Q RRRRRR RRRRRR _Q PP NN MM LLLLLLLL MM N P Q R

NN P QQ RRRRR GQQ PP NN MH LLLLLLLLLL MM N P Q R S

NN PP QQQ QQOQ PP NN MM LLLLLLLLLLLL MM NN PP Q R S

N PP QQQQQQQQQQQQQ PPP NN MM LLLLLL LLLLL MM NN PP QQ R S

MMM NN PP QQQQ ppp NN MM LLLLL LLLLL MM N pp Q R T

MM NN PPP PPP NN MM LLLLL LLLLL MM NN P QO R

MIMM NN PPPPPPPPPPPPP NNN MM LLLLL LLLLLL MM NN PP Q R S

MM NN PPPPP NNN MMM LLLLLLLLLLLL HH NN P Q

MH NNN NNNN MMM LLLLLLLLLL MM NN PP Q

MuM NNNNN NNNNNN M/dM LLLLL HM NN P Q

LL _ NNNNNNNNN HHMH MHH NN PP Q R

LL MI_ _ _ NN P Q

LLLLL MMMM MMHHMMH HHHM NN PP Q

L MMMMM_

LLLL HI4HMMHMMMHM

LLLL

LLLLLLLL

L

M,HHM_ NN P

HMMPP94 NN N P
MNMNNN P

NNNMNN N P

NNNNN NN

_ NN

÷ *

25-SEP-92 16:37:22
+ .. . **

!PME20T 5TAIIC DEFLECTION MODEL

ZZRNIKE POLYNOMIAL COEFFICIENTS

0.0000 0.0000 0.0000 0.2821 0.0000 0.4457 0.0000 0.0219

-0.0092 _.0000 -0.1232 0.0000 -0.1129 0.0000 0.0273 0.0248

0,0000 -0.0545 0.0000 0.0765 0.0000 0.0297 0.0000 0.0119

-0.0308 0.0000 -0,0092 0.0000 0.0203 0.0000 -0.0220 0.0000

0.0041 0.0000 D.0359 -0,0250

RESIDUAL WAVEFRON VARIATIONS OVER UNIFORM MESH

PTS R.MS MAX HIS SPAN VOLUM

676. 0.205 0.530 -0.276 0.807 0.830

--DANA RED PSF ESCAN e CENT 0. 0.

FUNCTION MAX VOL /uREA

ASF 0,819546E-02 0.244141E+00 4094

• STREHL RATIO" 0,1950

SPOT PERCENT

RADIUS ENERGY

0.000000 0.00

0.022885 5.00

0.034200 i0.00

0.049228 15.00

0.060648 20.00

0,077269 25,00

0_080334 30.00

0.083399 35.00

0.086465 40.00

0.092727 45.00

0,100495 50,00

0.[04356 55,00

0.L13829 60.00

0.125881 65.00

0,144798 70.00

0155105 75.00

0.163454 80,00

0.188949 85,00

0.224223 90.00

0.299491 _5.00

_,735357 100.08

MM N P QQ R S T

MH NN P QQ RR S T *

M24M NN P QQ RR

HMH NN PP QQ RR S

MHM N PP QQ RR S

NN pp QQ RR S

M_ NN P OQ R S

t_M/dM NN p _ R S

MHMMH tin P QQ R S +

MM/4MM NN P QQ R S

M, MHHM NN P QQ R S

MMMMM NN P QQ R S

NN pp QQ RR S

H,MM N PP QQ RR S

MMM NN PP QQ RR S

HMM NN P QQ RR

HM NN P _ RR S T +

MM N P QQ R S T



-END

--GSPOT RED ESCAN e CENTROID 0, 0.

ZpHE20T STATIC DEFLECTION MODEL

SPOT PERCENT

RADIUS ENERGY

0.000000 0,00

0.025692 5.00

0,036022 i0.00

0.045723 15.00

0,053491 20.00

0,060170 25.00

0,070436 30.00

0.078315 35.00

0,089811 40,0C

0.099725 45.00

0.105038 50.00

0.111562 55.00

0.119129 60.00

0,123897 65.00

D,129628 70.00

0,133862 75.00

0.143447 80,00

0.153726 85.00

0.172933 90.00

0.244515 95.00

0.337056 !_0.90

- END

END OF DATA

25-SEP-92 16:3_:24

6.7.5 Case 3 Executive Input

PME40T STATIC DEFLECTION MODEL

DEFLECT OPTAX 3 UNITS CM XCIR 0 0 125. R/DIUS 125. RADCV 622.

VERIFY COEFF NPOLY 36

CONTOUR 1. WIDTH .4 WEDGE 80252. FITERR .25

COBS 0.187 0.187

END

DANA RED PSF ESCAN e CENT 0. 0.

END

GSPOT RED ESCAN • SPOT CENTROID 0. 0.

END

6.7.6 Case 3 Output

25-SEP-92 16:41:29
IP_40T STATIC DEFLECTION MODEL

--DEFLECT OPTAX 3 UNITS CM XCIR 0 0 125. BJ_DIUS 125, RADCV 622.

--V%RIFY COEFF NPCLY 36

-CONTOUR [ WIDTH .4 WEDGE 80252. FITERR .25

-COBS 0,187 0,18 7

TILT FOCUS

--END

PUPIL RADIUS 125,000 CM WAVELENGTH 0.633 MICRONS

DIFFRACTION ANGLE 0.0637 _C SEC

CUT-OFF FREQUENCY 3950.70 1/MR

APER,_JRE M_ASKING

TYPE C_X CAY COX COY

FLIP I.g5OC !,DOOC 3.1870 0.1870

ZERNIKE POLYNt]MIA/_ COEFYZC:ENTS OF REFERENCE WA%qEFRON

0.0000 0,0000 0,0000 0,00O0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0,0000 0.0000 0.0000 0,00D0 O.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.D000 0.00D0 0.0000 0.0000 0.0000 0,0000 0.0000

PUPIL CENTER AND RADIUS

XC YC P-_

0,0000 0.0000 125.0000

0.0000 0.0000

0.0000 O.OOO0

0.0000 0.0000
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25-SEP-92 16:41:32

WAVEFRUN DEVIATION IN UNITS OF WAVES

TILT AND OEFOCUS M_A.SURED FROM DIFFRACTION FOCUS

WAVELENGTH 0.633 MICRONS
DEFLECTIONS ARE MAGNIFIED BY A FACTOR OF 0.0000E*00

O

O

O

o
o

o

o

o

o

o

o o

o

o o
o

o

o o

o o

o o
o

o
o o

o

o o
o

o

o

o

o

o

o

o

o

o

o

N RMS

RAW 0 0.720

PLANE 2 0.695
SPHERE 3 0.210

4H ORDER 8 0.102

6H ORDER 15 0.089
8H ORDER 24 0.043

COMPLETE 36 0.033

STREHL RATIO 0.176 AT DIFFRACTION FOCUS

FOURTH ORDER ABERRATIONS

M_NI_DDDE ANGLE DESIGNATION
WAVES DEG

0.355 0.0 TILT

-1.790 D£FOCI_S
0.4!2 0.0 ASTIC_TISM

0.929 0.0 COn

0,26i SPHERICAL ABERRATION

FOLLOWING TEntHS WERE SUBTRACTED FROM DATA-

TILF FOCUS

2.46727E-01 -1.75604E-06 -9.35500E-01
D.00000E+OC 0.00000g+00 0.0O000E÷OO

O.OODOOE+O0

O.OOO00E+OO

RESIDUAL

PTS

336

WAVEFRON VABIATIONS EVALUATED AT DATA POINTS

RMS MAX MIN SPAN STREHL

0,220 0.699 -0.328 1,027 0,149



0.00000E+00 O.O0000E+O0 0.00000E+00 O.000O0E+00

0.00000E+00 0,00000E+00 0.00000E÷0D 0.00000E÷00

RESIDUAL NAVEFRON VARIATIONS OVER UNIFORM GRID

PTS RMS MAX MIN SPAN STREHL

676. 0.184 0.541 -0.324 0.866 0.264

IP_49T STATIC DEFLECTION MODEL 25-SEP-92 16:41:33

RMS CALCULATED FROM ZERNIKE COEFFICIENTS=0.182

ZERN:KE POLYNOMIAL COEFFICIENTS

0.00C:_ 3000 0.C000 0.2379 0.0000 0.3633 0.0000 0.0514 -0.0075 _.0000 -_.0991 0.0000
-0.092_ _i0000 0.0583 0._913 0.0000 -0.0445 0.0000 0.0614 0.0000 .0242 .0000 0.0127

-0.0251 0.3000 0.C261 0.0000 0.0166 0.0000 -0.0178 0.0000 -0.0034 0.0000 0.0694 -0.0463

GENERAL POLYNOMIAL COEFFICIENTS

-1.1163 0.0000 4.1644 1.0816 0.0000 3.1217 -0.0001 -34.3213 0.3361 0.0000 -2.6909 0.0000

-3.0781 0.0002 116.0556 -0.3218 0.0000 -0.7195 0.0000 2.7864 0.0000 1.7889 -0.0002 -188.7269

-0.0251 0.0000 0.1566 0.0000 0.3481 0.0000 -0.9946 0.0000 -0.4242 0.0001 145.8e42 -42.8007

ASPHERIC COEFFICIENTS

FOCUS AD A_ AF AG AH

4.1644 -34.3213 116.0556 -188.7269 145.8842 -42.8007

IPMI40T STAT[C DEF'LECTION MODEL 25-SEP-92 16:41:33

CONTOUR STEP WIDTH PAGE SIZE -M- -N- -P- -0-

0.130 0.400 2.000 -0.150 -0.050 0.050 0.150
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MM NN PP QQ R S

MMM NN PP Q R S

Mr@4 N PP O R
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IPME40T STATIC DEFLECTION MODEL 25-SEP-92 16:41:34

ZERNIKE POLYNOMIAL COEFFICIENTS

0.0000 C.0000 0.0000 0.2379 0.0000 0.3633 0.00OO 0.0514

-h.0075 0.0000 0.0991 0.0000 -0.0920 0.0000 0.0583 -0.1913

.0000 0.0445 0.0000 0.0614 0.0000 0.0242 0 .0000 0.0127

C.0251 0.0000 0.0261 0.0000 0.0166 0.0000 -0.0178 0.0000

0.0C34 3,0000 0.0694 -0,0463



RESIDUALWAVEFRONVARIATIONSOVERUNIFORMMESH
PTS RMS MAX MIN SPANVOLUM676. 0.184 0.541-0.324 G.8660.075

--DANAREDPSFESCANeCENT0.0,
FUNCTION_ VOL_EAASF0.100528E-010,244141E+004096

• STREHL RATIO • 0,2583

SPOT PERCENT

RADIUS ENERGY

C.300O0O 0,00

0.019502 5,00

0.026999 10.00

0,035D83 !5.00

0.046161 20.00

0.058562 25.00

0.073582 33,00

0,079963 35.08

0,083335 40.00

0.086707 45,CD

0.093065 50.00

0.100166 55.00

0.103840 60.00

0.I09661 65.00

0.121612 70,00

0.143457 75.00

0.15947_ 80.00

0.179352 85.00

0.227201 90,00

0.322646 95.00

0.736605 [00.00

--END

--GSPOT RED ESCAN • CENTROID 0, 0.

IP_4CT STATIC DEFLECTION MODEL

SPOT PERCENT

RADIUS ENERGY

0.000000 0.00

0,026638 5,00

0.036448 10,00

0.048134 15.00

0.058880 20.00

0.067096 25.00

0.074318 30.00

0,080465 35.00

0.086143 40.00

0.091533 45.00

0.097725 50.00

0.103583 55.00

0.109251 60.00

0,117258 65,00

0.123911 70,00

0,132051 ?5.00

0.136437 80.00

0.£50257 85,00

0._93028 90.00

0.293016 95.00

0.468102 100.00

--END

END OF DATA

25-SEP-92 16:41:37

6.7.7 Case 4 Executive Input

PME60T STATIC DEFLECTION MODEL

DEFLECT OPTAX 3 UNITS CM XCIR 0 0 125, RADIUS 125. RADCV 622.

%qSRIFY COEFF NPOLY 36

CONTOUR i. WIDTH .4 WEDGE 80252. FITERR ,25

COBS 0,187 0,187

END

DANA RED PSE ESCAN e CENT 0. 0.

END

GSPOT RED ESCAN e SPOT CENTROID 0. 0.

END

6.7.8 Case 4 Output

25-SEP-92 17:14:24
IPMJ_60T STATIC DEFLECTION MODEL

--DEFLECT OPTAX 3 UNITS CM XCIR 0 0 125, _IUS 125, RADCV 622

-_RIFY COEFF NPOLY 36

--CONTOUR I. WIDTH .4 WEDGE 80252, FITERR ,25

--COBS 0.!87 0.187

--TILT FOCUS

--END

PUPIL RADIUS 125.000 CM WAVELENGTH 0.633 MICRONS

DIFFRACTION ANGLE 0.0637 ABC SKC

CUT-OFF FREQUENCY 3950.70 I/MR



APERTURE MASKING
TYPE CAX CAY COX COY
ELIP i.OO0O 1,0000 0.1870 0.1870

ZERNIKE POLYNOMIPJ_ COEFFICIENTS OF REFERENCE WAVEFRON

0,0000 O.OOO0 O.O000 0.0000 O.O000 0.0000 O.OOOO 0,0000 O.OOOO 0.0000 O,O000 O.O000
0.0000 O.OOOO 0.0000 0,0000 0.0000 0.0000 O.O000 O.OOOO O.OODO 0.0000 O.O000 O.OOOO

O.OCO0 0.0000 0.0000 O,OOOO 0.0000 0.0000 0.0000 O.OOO0 O.O00O 0.0000 O,O000 0.0000

PUPIL CENTER AND RADIUS
XC YC

0.0000 0.0000

[p._IE60T STATIC DEFLECTION MODEL
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25-SEP-92 17:14:27

WAVEFRON DEVIATION IN UNITS OF WAVES
TILT AND DEFCCUS MEASURED FROM DIFFRACTION FOCUS

WAVELENGTH 0.633 MICRONS

DEFLECTIONS ARE MAGNIFIED BY A FACTOR OF O.OOODE+O0

0

0

N RMS

0 0,929RAW

PLANE 2 0.91i
SPHERE 3 0.205

4H ORDER 8 0.159
6H ORDER 15 0.156

8H ORDER 24 0.055

COMPLETE 36 0.038

STREHL RATIO 0,190 AT DIFFR/_CTION FOCUS

FOURTH ORDER ABERRATIONS

MAGNITUDE ANGLE DESIGNATION
NAVES DEG

0.338 0.0 TILT

2.399 DEFOCI/S

0.290 0.0 ASTIGMATISM
G,606 0.0 COMA

0,381 SPHERIC_L ABERRATION

O

O
O

O



FOLLOWING TERMS WERE SUBTRACTED FROM DATA-

TILT FOCUS

2.66937E-81 -I,72228E-06 1.25823E+00 0.00000E+0S

C.00000E*00 0.00000E_00 0,00000E÷00 0,00000E+00

RESIDU_ _AVEERON VARIATIONS EVALUATED AT DATA POINTS

PTS RMS _L%X M[N SPAN STREHL

3%6 0.233 0.722 -0.431 1,153 0,16_

0.0000OE÷00 0.00000E+C0 0.00000E+00 0.00000E÷00

0.00000E_00 0.00000E_00 0.00000E_00 0.00000E*00

RESIDUAL WAVEFRON VARIATIONS OVER UNIFORM GRID

PTS RMS MAX M[N SPAN STREHL

676. 0,[76 _,652 -0.415 1.067 0.295

iPM_E60T STATIC DEFLECTION MODEL 25 SEP-92 17:14:29

RMS CALCqJLJkTED FROM ZERNIKE COEFFICIENT5=O.Z]4

ZERNIKE POLYNOMIAL COEFFICIENTS

0.0000 0,0000 0.0000 0.1651 C.0000 0.2371 0.0000 0.0747 -0,0049 0.0000

-0,060_ 0.0000 0,0823 0.3843 0.0000 -0.0290 0.0000 0.0389 0.0000 0.0158

-0.0164 0.0000 0.0582 0,0000 0.0108 0 ,0000 -0,0114 0.0000 -0,0022 0,0000

GENERAL POLYNOMIAL COEFFICIENTS

-0,_285 0.0_00 5_7411 0.7014 0,0000 2.0371 0.0000 -46.8549 0.2193 0.0000

-2.0078 0,0000 !57.1363 -0.6755 0.0000 -0.4696 0,0000 1.7754 -0.0001 1,1661

-0.0!64 0.C000 0.3495 0.0000 0.2272 0,0000 -0.6356 0.0000 -0,2763 0.0000

ASPHERIC COEFFICIENTS

FOCqJS AD AJE _ AG A/_

5.7411 -46,8547 157.1767 -254,2660 195.9352 -57.3788

-0.0631 0.0000

.0000 0.0120.0944 -0.0621

-1.3117 0.0000

0.0000 -254,2660

195.9352 -57.3788



IPME60TSTATICDEFLECTIONMODEL 25-$EP-9217:14:29
CONTOU_ STEP WIDTH PAGE SIZE -M -N- P- -Q-
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IPMK69T STATIC DEFLECTION MODEL 25 SEP-92 17:14:30

ZERNIKE POLYNOMIAL COEFEICIENTS

0,000O [],0000 0.0000 0,1651 0.0000 0.2371 0.0000 0,0747

-0.0049 0,0000 -0.0631 0.0000 -0.0601 0.0000 0.0823 -0,3843

0.0000 -0.0290 0.0000 0.0389 0.0000 0,0158 0.0000 0.0120

-0,0364 D.0000 0.0582 0.0000 0.0108 0,0000 -0.0114 0.0000

0,0022 0.0000 0.0944 -0,0621

RESIDUAL _AVEFRON VARIATIONS OVEB UNIFORM MESH

PTS RMS MAX MIN SPAN VOLUM

636. 0.176 0.652 -0.415 1.067 1.247

+-DANA RED PSF ESCAN e

FUNCTION MAX VOL AREA

ASF 0.125357E-01 0.244141E÷00 4096

• STRENL RATIO" 0,2983

SPOT PERCENT

RADIUS ENERGY

0.000000 0.00

0.124154 5,00

0.159398 10.00

0.177572 15.00

0.194657 20.00

0.203422 25.00

0.213197 30,00

0.22C968 35,00

0.231561 40.00

0.241570 45,00

0.244607 50,00

0.254212 55.00

0.258431 60.00

0.266700 65.00

0.274795 70.00

0.291273 75.00

0,308_12 80.00

0.328775 85,00

0.360362 90.00

0.438163 95.00

0.728544 I00,00



--END
--GSPOT RED ESCAN e

IPME60T STATIC DEFLECTION MODEL

SPOT PERCENT

RADIUS ENERGY

0.000000 0,00

0.027996 5,00

0.040940 10.00

0.045915 15.00

0.059095 20.00

0.065434 25.00

0.071678 30,00

0.079513 35,00

0.085950 40.00

0.091776 45.00

0.098620 50.00

0.107487 55.00

0.114690 60.00

0.120323 65,00

0.126303 70,00

0.138700 75.00

0.156914 80.00

0.193845 85.00

0.272562 90.00

0,377096 95.00

0,540762 100.00

--END

END OF DATA

25-SEP-92 17:14:33

6.7.9 Case 5 Executive Input

PMEDOT STATIC DEFLECTION MODEL

DEFLECT OPTA× 3 UNITS CM XCIR 0 O 125. RADIUS 125, RADCV 622.

VERIFY COEFF NPOLY 36

CONTOUR i. WIDTH ,4 WEDGE 80252. FITERR .25

COBS 0.187 0.187

END

DANA RED PSF ESCAN e CENT 0. 0.

END

GSPOT RED ESCAN e SPOT CENTROID 0. 0.

END

6.7.10 Case 5 Output

IPME90T STATIC DEFLECTION MODEL 25-SEP-92 16:56:24

--DEFLECT OPTAX 3 UNITS CM XCIR 0 0 125. RADIUS 125. RADCV 622.

- VERIFY COEFF NPOLY 36

--CONTOUR i. WIDTH .4 WEDGE 80252. FITERR .25

--COBS 0,187 0.187

--TILT FOCUS

--END

PUPIL RADIUS 125.000 CM WAVELENGTH 0.633 MICRONS

DIFFRACTION ANGLE 0.0637 ARC SEC

CUT-OFF FREQUENCY 3950.70 I/MR

APERTURE MASKING

TYPE CAX CAY COX COY

ELIP 1.0000 1.0000 0.1870 0.1870

ZERNIKE POLYNOMIAL COEFFICIENTS OF REFERENCE WAVEFRON

0.0000 0.0000 O.O000 0.0000 0.0000 O.OOO0 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0,0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O.OOO0

0.0000 0,0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000

O.OOO0 0.0000 0.0000 0.0000

PUPIL CENTER AND RADIUS

XC YC PAD

0.0000 0.0000 125.0000

0.0000

0.0000 .

O.O000



IPMEg0T STATIC DEFLECTION MODEL

FRINGE VERIFICATION
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IPME90T STATIC DEFLECTION MODEL

WAVEFRON DEVIATION [N UNITS OF WAVES
TILT AND DEFCCUS MEASURED FROM DIFFRACTION FOCUS

WAVELENGTH 0 , 633 MICRONS
D_'FLECT IONS ARE MAGNIFIED BY A FACTOR OF 0.0000E+00

25-SEP-92 16:56:26
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25-SEP-92 16:56:27
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H RMS

0 :.054RAW

PLANE 2 1.046
SPHERE 3 0.234

4H ORDER 8 0.226

6H ORDER 15 0.226

8H ORDE_ 24 0.068
COMPLETE 36 0.042

STREHL RATIO 0.116 AT DIFFRACTION FOCUS

FOURTH ORDER ABERRATIONS

MAGNITUDE ANGLE DESIGNATION

WAVZS DEG

0,237 0.0 TILT
-2.755 DEFOCUS

0.04B 0.0 ASTIC, t4ATISM

0.000 -179.7 COMA
0.472 SPHERICAL ABERRATION

FOLLOWING TERMS WERE SUBTRACTED FROM DATA-

TILT FOCUS

2.3_186E-01 -1.29_32E-06 -1.45054E÷00

0.0C00C£*00 3.00000E+00 0.00000E+00

0.00000E+00
0.00000E+00

RBSIDU._

PT5

336

WAVEFRON VAB!ATIONS EVALUATED AT DATA POINTS

RMS MJ_X MIN SPAN STREHL

0.240 0.702 -0.485 1.187 0.103



3.00000E+00 3.00000E_00 0.00003E+00 0.00000E+30

0.0DO00E+00 0.00000E+00 0.00000E÷00 D.00000E÷00

RESIDUAL WA91_FRON VARIATIONS OilER UNIFORM GRID

PTS RMS MAX MIN SPAN STREHL

676. 0.198 0.668 -0.460 1.127 0.213

IPMEPOT STATIC DEFLECTION MODEL 25-5EP-92 16:56:29

RMS CALCULATED FROM ZERNIKE COEFFICIENTS=0.196

ZERNIKE POLYNOMIAL COEFFICIENTS

0.000D O.0000 0.0000 0.0218 0.0000 0.0000 0.0000 0.0921 0.0000 0.0000 0.0035 0.0000

0.0000 0.00O0 0.0991 -0.5811 0.0000 0.0000 0.0000 -0.0027 0.0000 0.0O0O 0.0000 0.0084

0.0300 0.0000 0.0923 D.0000 0.0000 0.0000 0.0005 0.3000 Q.00OO 0.0000 0.1101 -0.0314

GENERAL POLYNOMIAL COEFFICIENTS

00001 _00_ 6_70,-00:0_ 00000-_000_ _.oo0054.77290.0000_0000 _0,99 0.0000
_.0009 O.OCO0 182.4009 !.0425 0.0000 .D000 .DO00 -0.0970 0.0000 - .0010 .3000 -293.6491

;].0G00 _.CC00 0,5537 0.0000 0.C000 0.000D 0.0304 0.0000 0.0004 0.00O0 225.6295 -65.9607

ASPHERIC COEFFICIENTS

FOCUS AD _ _ AG AH

6.7708 -54.7729 182.4009 -293.6491 225.6295 -65.9607

IPME90T STATIC DEFLECTION MODEL 25-SEP-92 16:56:29

CONTOUR STEP WIDTH PAGE SIZE -M- -N- -P- -Q-

0.i00 0.400 2.000 -0.150 -0.050 0.050 0.150

,_ + ÷+ + + ÷÷
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IP_LEgOT STATIC DEFLECTION MODEL 25-SEP-92 16:56:30

ZERNIKE POLYNOMIAL COEEF[CIENTS

0,0000 0.0000 0.0000 0.0218 _.0000 _.0000 _.0000 0.0921
0.0000 0.0000 0.0035 0.0000 .0000 .0000 .0991 -0.5811

3.0DO0 0.0000 O.OOOO -0.002_ 0.0000 0.0000 0.0000 0.0084

0.0000 0.0000 0.0923 O.00O0 0.0000 O.00OO 0.0005 0.0000

0.0000 0.0000 0.1101 0,0714

P N NN PPPPPP PPPPPPP

N MM NN PPPP

* M MM NNNNN PPP

LLL MM NNNNNNNN PPP

L K L MM NNNN PPPL M_LM NN PPP
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+ M MM NNNNN PPP

N MM NN PPPP
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RESIDUALWAVEFRONvARIATIONSOVER UNIFORM MESH

PTS RMS MAX MIN SPAN VOLUM

676. 0,196 0.668 -0.460 1.127 1.381

--DANA RED PSF ESCAN e CENT 0, 0.

FUNCTION MAX VOL AREA

ASF 0_I03907E-01 0.244141E+00 4096

• STREHL RATIO" 0.2473

SPOT PERCENT

RADIUS ENERGY

0.C0000G C.00

0.019153 5,00

0.025097 i0,00

0,031041 15,00

0.037208 20.00

0,043488 25.00

0,056965 30,00

0,069241 35.00

0.095848 40,00

0.104202 45,00

0.112350 50.00

0.[19174 55.80

0.123250 60,00

0,127326 65.00

0.153854 70.00

0.177128 75.00

0.196361 80,00

0,215069 fiE,00

0.271191 90.00

0.405913 95,00

0.731437 I00,00

-END

--GSPOT RED E5CAN e CENTROID 3. 0.

IP_90T STATIC DEFLECTION MODEL

SPOT PERCENT

RADIUS ENERGY

0.000000 0.00

0.038065 5.00

0.055180 I0,00

0.063838 15,00

0,070349 20.00

0.079327 25.00

0.088204 30.00

0.095193 35.00

0.101623 40.00

0,108143 45.00

0,114530 50.00

0,119618 55.00

0.126884 60.00

0,135362 65.00

0,147975 70,00

0,166458 75,00

O,lfl32Ofl 80.00

0.2164_i 85,00

0.327806 90.00

_,442765 95.00

0.562876 I00.00

25 SEP 92 16:56:32

--END

END OF DATA


